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(54) Semiconductor device and method of driving the same 



(57) To provide a semiconductor device and a driv- 
ing method of the same that is capable of enlarging a 
signal amplitude value as well as increasing a range in 
which a linear input/output relationship operates while 



preventing a signal writing-in time from becoming long. 
The semiconductor device having an amplifying transis- 
tor and a biasing transistor and the driving method there- 
of, wherein an electric discharging transistor is provided 
and pre-discharge is performed. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001 ] The present invention relates to a semiconduc- 
tor device and a driving method thereof. Specifically, the 
present invention relates to an MOS sensor device that 
has an image sensor function and to a driving method 
of the same. 

2. Description of the Related Art 

[0002] In recent years, the use of information equip- 
ment such as a personal computer has spread widely, 
and hence the demand to read (store) various informa- 
tion in the personal computer, etc. as electronic infor- 
mation is rising. Therefore, replacing the conventional 
silver salt camera, a digital still camera or a scanner, 
which is used as a means of reading information printed 
on paper, are in the spotlight. 

[0003] An area sensor in which the pixels are ar- 
ranged in a two-dimensional way is used in the digital 
still camera. In the scanner, a copier machine, etc., a 
line sensor in which the pixels are arranged in a one- 
dimensional way is used. In the case of using the line 
sensor to read a two-dimensional image, signals are 
read while moving the line sensor. 
[0004] A CCD type sensor is mainly used as the im- 
age sensor in these types of image reading equipments. 
In the CCD type sensor, a photoelectric conversion is 
carried out in a photo diode of each of the pixels and 
then the CCD is used to read those signals. However, 
an MOS type sensor that is formed by using a single 
crystal silicon substrate is showing signs of populariza- 
tion in a part of the technical field thereof by using factors 
such as the incorporation of a peripheral circuit, manu- 
facturing it into one chip, its suitability for a real time sig- 
nal process, and its low consumption power as weap- 
ons. Further, the manufacture of an MOS type sensor 
by using a TFT that is formed on a glass substrate is 
being developed at the research level. In the MOS type 
sensor, the photoelectric conversion is carried out in the 
photo diode of each of the pixels, whereby the signals 
of the respective pixels are read out by using a switch 
that is formed by an MOS transistor. 
[0005] As a pixel structure of the MOS type sensor, 
various types are being developed. The various types 
of pixel structure of the MOS type sensor can be largely 
categorized into two types, that is, a passive sensor type 
and an active sensor type. The passive sensor is a sen- 
sor in which a signal amplitude element is not Incorpo- 
rated into the respective pixels whereas the active sen- 
sor is a sensor in which a signal amplitude element is 
incorporated Into the respective pixels. The active sen- 
sor has an advantage over the passive sensor in that it 
is strong against noise because the signals are ampli- 
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fied in each of the pixels. 

[0006] Shown in Fig. 2 is an example of a circuit of a 
pixel in the passive sensor. A pixel 10005 is composed 
of a switching transistor 1 0001 and a photo diode 1 0004. 

5 The photo diode is connected to a power source stand- 
ard line 10006 and to a source terminal of the switching 
transistor 10001 . A gate signal line 10002 is connected 
to a gate terminal of the switching transistor 1 0001 , and 
a signal output line 1 0003 is connected to a drain termi- 

10 nal thereof. Photoelectric conversion takes place in the 
photo diode 1 0004. in other words, an electric charge is 
generated in response to the incidence of light, whereby 
the electric charges are accumulated therein. Then the 
switching transistor 10001 is made into conductive by 

is controlling the gate signal line 1 0003 to thereby read out 
the electric charge of the photo diode 1 0004 through the 
signal output line 10003. 

[0007] There are various kinds of pixel structure of the 
active sensor. Pixel structures such as a photo diode 

20 type and a photo gate type and their operations are in- 
troduced in IEDM95: p. 17: CMOS Image Sensors, Elec- 
tric Camera On a Chip or in IEDM97: p.201 : CMOS Im- 
age Sensors - Recent Advances and Device Scaling 
Considerations. In the ISSCC97: p.1 80: A 1/4 Inch 330k 

25 Square Pixel Progressive Scan CMOS Active Pixel Im- 
age Sensor, the pixel structure is categorized from the 
perspective of a selecting method of the pixel. That is, 
a case of whether to use a transistor or a capacitance 
as a selecting element is described therein. Thus, there 

30 are various types of structures regarding the number of 
transistors for forming one pixel. A general description 
of the CMOS type sensor is broadly introduced in the 
JIEC Seminar: Development Prospects of the CMOS 
Camera: Feb. 20, 1 998. In the description thereof, a log- 

35 arithm conversion form, which outputs a signal of the 
logarithm of light density by connecting a gate electrode 
and a drain electrode of a resetting transistor, is also 
explained. 

[0008] As shown in Fig. 3, a pixel structure of the ac- 

40 tive sensor that is mostly adopted is a type that is com- 
posed of three N channel transistors and one photo di- 
ode, thereby forming one pixel 308. A P channel side 
terminal of a photo diode 304 is connected to a power 
source standard line 312, and an N channel side termi- 

<5 nal of the photo diode 304 is connected to a gate termi- 
nal of an amplifying transistor 306. A drain terminal and 
a source terminal of the amplifying transistor 306 are 
connected to a power source line 309 and to a drain ter- 
minal of a switching transistor 301 , respectively. A gate 

so terminal of the switching transistor 301 is connected to 
a gate signal line 302 while a source terminal thereof is 
connected to a signal output line 303. A gate terminal of 
a resetting transistor 307 is connected to a reset signal 
line 306. A source terminal and a drain terminal of the 

55 resetting transistor 306 are connected to the power 
source line 309 and a gate terminal of the amplifying 
transistor 306, respectively. 

[0009] In the case of an area sensor, not only one pixel 
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308 is connected to one signal output line 303, but also 
a plurality of pixels are connected thereto. However, one 
biasing transistor 311 is connected per signal output line 
303. A gate terminal of the biasing transistor 31 1 is con- 
nected to a bias signal line 310. A source terminal and 
a drain terminal of the biasing transistor 311 are con- 
nected to the signal output line 303 and to a biasing pow- 
er source line 313. 

[001 0] Next, a basic operation of the pixel 308 will be 
explained. 

[0011] The resetting transistor 307 is first made into 
a conductive state. Because the P channel side terminal 
of the photo diode 304 is connected to the power source 
standard line 312, whereby the photo diode 304 be- 
comes a state in which the N channel side terminal is 
electrically connected to the power source line 309, an 
inverted bias voltage is applied to the photo diode 304. 
Hereinafter, the operation of charging the N channel 
side terminal of the photo diode 304 until its electric po- 
tential is equivalent to the electric potential of the power 
source line 309 will be referred as "reset". Thereafter, 
the resetting transistor 307 is made into a non-conduc- 
tive state. When light is being irradiated to the photo di- 
ode 304, an electric charge is generated due to a pho- 
toelectric conversion. Therefore, as time elapses, the 
electric potential of the N channel side terminal of the 
photo diode 304, which has been charged up to the elec- 
tric potential of the power source line 309, gradually be- 
comes smaller because of an electric charge that was 
generated by the light. Then after a fixed period of time 
has passed, the switching transistor 301 is made into a 
conductive state, whereby a signal is outputted to the 
signal output line 303 through the amplifying transistor 
306. 

[001 2] However, at the time the signal is being output- 
ted, an electric potential is applied to the bias signal line 
31 0 to cause a current to flow in the biasing transistor 
31 1 . Therefore, the amplifying transistor 306 and the bi- 
asing transistor 311 operate as the so-called source fol- 
lower circuits. 

[0013] An example of the most basic source follower 
circuit is shown in Fig. 4. In Fig. 4, the case of using the 
N channel transistor is described. Although a P channel 
transistor can be used to construct the source follower 
circuit, a case of using an N channel transistor is shown 
in Fig. 4. A power source electric potential Vdd is applied 
to an amplifier side power source line 403. A standard 
electric potential 0V is applied to a bias side power 
source line 404. A drain terminal of an amplifying tran- 
sistor 401 is connected to the amplifier side power 
source line 403 while a source terminal thereof is con- 
nected to a drain terminal of a biasing transistor 402. A 
source terminal of the biasing transistor 402 is connect- 
ed to the bias side power source line 404. A bias electric 
potential Vb is applied to a gate terminal of the biasing 
transistor 402. Therefore, a bias current lb flows in the 
biasing transistor 402. The biasing transistor 402 basi- 
cally operates as a fixed electric current source. A gate 



terminal of the amplifying transistor 401 serves as an 
input terminal 406. An input electric potential Vin is thus 
applied to the gate terminal of the amplifying transistor 
401 . A source terminal of the amplifying transistor 401 

5 serves as an output terminal 407, and therefore an out- 
put electric potential Vout is applied to the source termi- 
nal of the amplifying transistor 401 . At this point, the re- 
lationship of the input/output of the source follower cir- 
cuit becomes Vout = Vin - Vb. 

10 [0014] In the case of comparing the circuit configura- 
tions of Fig. 3 and Fig. 4, the amplifying transistor 306 
corresponds to the amplifying transistor 401 , and the bi- 
asing transistor 311 corresponds to the biasing transis- 
tor 402. Because it is assumed that the switching tran- 

'5 sistor 301 is in conductive, it can be observed that a 
switching transistor is omitted in Fig. 4. The electric po- 
tential of the N channel side terminal of the photo diode 
304 corresponds to the input electric potential Vin (the 
gate electric potential of the amplifying transistor 401 , 

20 that is, the electric potential of the input terminal 406). 
The electric potential of the signal output line 303 cor- 
responds to the output electric potential Vout (the source 
electric potential of the amplifying transistor 401 , that is, 
the electric potential of the output terminal 407). 

25 [0015] Therefore, in Fig. 3, if the electric potential of 
the N channel side terminal of the photo diode 304 is 
Vpd, the electric potential of the bias signal line 31 0, that 
is, the bias electric potential is Vb, the electric potential 
of the signal output line 303 is Vout, and the electric po- 

30 tential of the power source standard line 312 and the 
bias side power source line 313 is 0V, then the relation- 
ship becomes Vout = Vpd - Vb. Accordingly, when the 
electric potential Vpd of. the N channel side terminal of 
the photo diode 304 changes, then Vout also changes. 

35 As a result, the change of the Vpd can be outputted as 
a signal and the light intensity can thus be read. 
[0016] The basic operation of the source follower cir- 
cuit is one as described above. However, the operating 
principle of the source follower circuit will be explained 

40 next in detail because it is needed for explaining the op- 
eration of the present invention. For simplification, it is 
assumed that the sizes and characteristics of the ampli- 
fying transistor and the biasing transistor are the same 
in the explanation here. Further, an electric current char- 

45 acteristic of the transistors is an ideal one, that is, even 
if a voltage between the source and the drain changes, 
it is assumed that an electric current value in a saturated 
region does not change. 

[0017] First, as shown in Fig. 4, the bias electric po- 
so tential Vb is applied to the gate terminal of the biasing 
transistor 402. In the case the biasing transistor 402 op- 
erates in the saturated region, the electric current lb 
flows therein as shown in Fig. 5. On the other hand, the 
same amount of electric current will flow in amplifying 
55 transistor 401 and the biasing transistor 402 under a 
fixed normal state because both transistors are connect- 
ed in series . Therefore, when the electric current lb is 
flowing in the biasing transistor 402, the electric current 
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lb is also flowing in the amplifying transistor 401 . In order 
to cause the electric current lb to flow in the amplifying 
transistor 401 , it is necessary to make the voltage Vgs 
between the gate and the source of the amplifying tran- 
sistor 401 equivalent to the bias electric potential Vb. 
[0018] Thus, the output electric potential Vout in the 
source follower circuit is obtained. The amount of elec- 
tric potential of the output electric potential Vout that is 
lower than the input electric potential Vin is equal to only 
that of the voltage Vgs between the gate and the source 
of the amplifying transistor 401. Therefore, the input/out- 
put relationship becomes Vout = Vin -Vgs. The voltage 
Vgs between the gate and the source of the amplifying 
transistor 401 is equal to the bias electric potential Vb, 
and hence the input/output relationship becomes Vout 
= Vin - Vb. However, as shown in Fig. 5, this equation 
is only valid when the biasing transistor 402 operates in 
the saturated region (corresponds to the case when Vin 
is large). In the case Vin is small and the biasing tran- 
sistor 402 operates in a linear region, the equation Vout 
= Vin- Vb cannot become valid as shown in Fig. 6. When 
the biasing transistor operates in the linear region, the 
input/output relationship becomes Vout = Vin -Vb'. The 
Vb' here is the voltage between the gate and the source 
of the amplifying transistor 401 at that point, if the elec- 
tric current flowing in the biasing transistor 402 is lb* 
when the biasing transistor 402 is operating in the linear 
region, then lb 1 < lb. Consequently, the relationship be- 
tween Vb and Vb' becomes Vb' < Vb. In other words, 
when Vin and lb* becomes small, then Vb' also becomes 
small. As a result, the input/output relationship (relation- 
ship between Vin and Vout) becomes non-linear as 
shown in Fig. 7. 

[0019] The following fact can be discerned from the 
above explanation. 

[0020] First, to increase an amplitude value of the out- 
put electric potential Vout in the source follower circuit, 
it is appropriate to make the bias electric potential Vb 
small. Since Vout = Vin - Vb, when Vb is small, the Vout 
can be increased. However, it is necessary that the bi- 
asing transistor 402 be in conductive. Therefore, the val- 
ue of the bias electric potential Vb must be made larger 
than that of a threshold voltage of the biasing transistor 
402. 

[0021 ] To the contrary, in the case the bias electric po- 
tential Vb is large, the biasing transistor 402 can readily 
operate in the linear region when the input electric po- 
tential Vin becomes small. As a result, the input/output 
relationship of the source follower circuit is likely to be- 
come non-linear. It is appropriate, in this respect, to 
make the bias electric potential Vb small. 
[0022] The operation of the source follower circuit un- 
der a fixed normal state has been explained so far. Next, 
the operation of the source follower circuit under a tran- 
sient state will be explained. As a circuit structure there- 
of, the circuit shown in Fig. 4 will be used with the addi- 
tion of a load. In other words, the circuit structure here 
is a structure in which a load capacitance 805 is con- 
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nected between output terminals, that is, a source ter- 
minal of an amplifying transistor 801 and a load capac- 
itance power source line 806 as shown in Fig. 8. There- 
fore, the electric potential of the load capacitance 805 
s is the same as the output electric potential Vout of the 
source follower circuit. 

[0023] First, a case where the output electric potential 
Vout is small in the initial state, that is, when Vout < Vin 
- Vb. Fig. 8A is a diagram showing a circuit configuration, 

10 and Fig. 8B is a diagram showing a timing chart. In that 
case, a value of a voltage Vgs between a gate and a 
source of an amplifying transistor 801 is larger than a 
value of a voltage Vgs between a gate and a source of 
a biasing transistor 802. Therefore, a large electric cur- 

15 rent flows in the amplifying transistor 801 , and as a re- 
sult, a load capacitance 805 is rapidly charged and the 
output electric potential Vout becomes large, whereby 
the voltage Vgs between the gate and the source of the 
amplifying transistor 801 becomes smaller. When the 

20 voltage Vgs between the gate and the source of the am- 
plifying transistor 801 finally becomes equivalent to the 
bias electric potential Vb, the transient state is turned 
into a fixed normal state. The output electric potential 
Vout at that point is Vout = Vin - Vgs = Vin - Vb. Thus , 

25 as in the case where Vout < Vin -Vb, initially the voltage 
Vgs between the gate and the source of the amplifying 
transistor 801 is large under the transient state. There- 
fore, a large electric current, passing through the ampli- 
fying transistor 801 , flows to the load capacitance 805. 

30 The writing-in time of a signal to the load capacitance 
805 can thus be performed in a short time. 
[0024] On the other hand, a case is discussed where 
the output electric potential Vout is large in the initial 
state, that is, when Vout > Vin - Vb. Fig. 9A is a diagram 

35 showing a circuit configuration thereof, and Fig. 9B is a 
diagram showing a timing chart thereof. In that case, be- 
cause a value of a voltage Vgs between a gate and a 
source of an amplifying transistor 901 is small, the am- 
plifying transistor 901 is in a non-conductive state. Then, 

40 the electric charges that have accumulated in a load ca- 
pacitance 905 flow through a biasing transistor 902 to 
thereby be discharged. At that point, a voltage between 
a gate and a source of the biasing transistor 902 is the 
bias electric potential Vb, and therefore the electric cur- 

45 rent flowing in the biasing transistor 902 becomes lb. As 
the output electric potential Vout gradually becomes 
smaller, the voltage Vgs between the gate and the 
source of the amplifying transistor 901 becomes larger. 
When the voltage Vgs between the gate and the source 

so of the amplifying transistor 901 finally becomes equiva- 
lent to the bias electric potential Vb, the transient state 
is turned into thefixed normal state. Under the fixed nor- 
mal state, the value of Vout is a fixed value, and hence 
an electric current will not flow in the load capacitance 

55 905. The electric current lb will continuously flow in the 
2 transistors of the source follower circuit. 
[0025] Thus, from the above explanation, it can be un- 
derstood that when Vout > Vin - Vb, the electric discharg- 
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ing time of the load capacitance 905, that is, the signal 
writing-in time is determined by the electric current lb 
flowing through the biasing transistor 902. The amount 
of the electric current lb is determined by the size of the 
bias electric potential Vb. Therefore, to increase the 5 
electric current in order to shorten the signal writing-in 
time to the load capacitance 905, it is necessary to in- 
crease the bias electric potential Vb. 
[0026] Next, a timing chart of a signal in a pixel 309 
is shown in Fig. 10. First, the resetting transistor 307 is 
turned into a conductive state by controlling the reset 
signal line 305, whereby the electric potential of the N 
channel side terminal of the photo diode 304 is charged 
until the electric potential Vd of the power source line 
309. In other words, the pixel is reset. Subsequently, the 
resetting transistor 307 is turned into a non-conductive 
state by controlling the reset signal line 305. Thereafter, 
when light is irradiated to the photo diode 304, an elec- 
tric charge according to the light density is generated. 
Therefore, the electric charge that is charged due to the 
resetting operation is gradually being discharged. In 
short, the electric potential of the N channel side termi- 
nal of the photo diode 304 decreases. In the case a dark 
light is irradiated to the photo diode 304, the amount of 
electric discharge is small, and therefore the electric po- 
tential of the N channel side terminal of the photo diode 
304 does not decrease much. Then, at a certain point, 
the switching transistor 301 is turned into a conductive 
state to thereby read-out the electric potential of the N 
channel side terminal of the photo diode 304 as a signal. 
This signal is proportional to the density of light. Then, 
the resetting transistor 307 is turned into the conductive 
state again to thereby reset the photo diode 304, and 
similar operations are repeated. 
[0027] A transistor in the pixel 309 will be explained 
next. Regarding the polarity of the transistor thereof, all 
are N channel types most of the time. In rare cases, a 
P channel type may be used for the resetting transistor 
(JIEC Seminar: Development Prospects of the CMOS 
Camera: Feb. 20, 1998, refer to Fig. 11). Further, with 
regard to a method of lining up (arranging) the amplify- 
ing transistor and a selecting transistor, N channel types 
are used for both transistors and as shown in Fig. 3, of- 
ten the structure is one in which the power source line 
309 and the amplifying transistor 306 are connected, the 
amplifying transistor 306 and the switching transistor 
301 are connected, and the switching transistor 301 and 
the signal output line 303 are connected. In rare cases 
N channel types are used for both transistors and the 
structure thereof is one in which the power source line 
309 and the switching transistor 301 are connected, the 
switching transistor 301 and the amplifying transistor 
306 are connected, and the amplifying transistor 306 
and the signal output line 306 are connected (ISSCC97: 
p.180, A 1/4 Inch 330K Square Pixel Progressive Scan 
CMOS Active Pixel Image Sensor). 
[0028] Next, a sensor portion for performing photoe- 
lectric conversion or the like will be explained. A PN type 



of photo diode is usually used to convert light into elec- 
tricity. However, there are other types including a PIN 
type diode, an avalanche diode, an NPN incorporated 
diode, a Schottky diode, etc. There are also others such 
as a photo diode for X-rays and a sensor for infrared 
rays. These are described in "The Basics of Solid Imag- 
ing Elements: DENSHINO MENO SHIKUMT written by 
Takao Ando and Hirohito Kobuchi: Nippon Riko Shup- 
pan Kai. 

[0029] Products suitable as sensors will be explained 
next. Other than the digital still camera and scanner, a 
sensor may also be used in an X-ray camera. In that 
case, there is a case where the photo diode for directly 
converting an X-ray into an electric signal is used or a 
case where an X-ray is converted into light by using a 
fluorescent material or a scintillator and then the light is 
read. The case of converting an X-ray into light by using 
a scintillator and thereafter reading the light is described 
in "Euro Display 99: p.203: X-ray Detectors base on 
Amorphous Silicon Active Matrix". In the "I EDM 98: p. 
21: Amorphous Silicon TFT X-ray Image Sensors", a 
case of reading light by using an amorphous silicon is 
reported, and a case of reading light by using a photo 
conductor is reported in the "AM-LCD99: p. 45: Real- 
time Imaging Flat Panel X-ray Detector 4 '. 
[0030] First, consideration is made on the item re- 
quired in a source follower circuit 405. The most neces- 
sary item is to obtain a value as large as possible as an 
amplitude of the output electric potential Vout, that is, a 
value that is roughly equivalent to an amplitude of the 
input electric potential Vin. If the amplitude of the output 
electric potential Vout is large, signals having a large 
number of gradations can be obtained. As a result, the 
quality of the image read from an image sensor is en- 
hanced. In addition, it is necessary that the input/output 
relationship is linear. In other words, it is crucial that the 
relationship of the input electric potential Vin and the 
output electric potential Vout in the source follower cir- 
cuit operate linearly in a wide range. That is, the rela- 
tionship of Vout = Vin - Vb is maintained even if the input 
electric potential Vin is small. In short, it is important that 
the biasing transistor 402 operate in the saturated re- 
gion. Other items that are necessary include a short sig- 
nal writing-in time of the output electric potential Vout to 
the load capacitance. If the signal writing-in time is long, 
the operation thereof will become slow. 
[0031] Then, consideration is now made regarding a 
method to satisfy the above-mentioned items required 
in the source follower circuit. 

[0032] First, because Vout = Vin - Vb, it is appropriate 
to make the bias electric potential Vb small in order to 
increase the amplitude of the output electric potential 
Vout. Similarly, the bias electric potential Vb may be 
made small in order to widen the operating region of a 
linear input/output relationship. The reason for this re- 
sides in that when the bias electric potential Vb is small, 
the biasing transistor 402 can easily operate in the sat- 
urated region even if the output electric potential has 
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become small. However, when the bias electric potential 
Vb is small, the writing-in time of the output signal be-, 
comes long. 

[0033] In other words, the amplitude of the output 
electric potential and the signal writing-in time have a 
trade-off relationship. It is impossible to shorten the writ- 
ing-in time of the output electric potential while increas- 
ing the amplitude value of the output electric potential. 
In addition, it is also impossible to widen the operating 
region in which the input/output relationship is linear 
while increasing the amplitude value of the output elec- 
tric potential. 

SUMMARY OF THE INVENTION 

[0034] The present invention has been made in view 
of the above problems, and therefore has an object to 
solve the above problems of the prior art. 
[0035] According to the present invention, in a source 
follower circuit that employs an N channel transistor, pri- 
or to outputting a signal therefrom, an output electric po- 
tential (electric potential of a load capacitance) is low- 
ered once (in the case of a source follower circuit em- 
ploying a P channel transistor, the output electric poten- 
tial is raised). Hereinafter, the process of lowering the 
output electric potential (electric potential of the load ca- 
pacitance) of the source follower circuit (in the case 
where a P channel is employed, increasing the electric 
potential thereof) is referred to as "pre-discharge", and 
a period during which the pre-discharge is performed is 
referred to as "pre-discharge period" . In the present in- 
vention, an actual signal is outputted after a pre-dis- 
charge. 

[0036] Conventionally, in a source follower circuit em- 
ploying an N channel transistor, an electric charge of the 
load capacitance was discharged through a biasing 
transistor when Vout > Vin - Vb in the initial state. How- 
ever, in the present invention, the electric potential of 
the load capacitance is lowered once to thereby make 
the source follower circuit in a state where Vout < Vin 
-Vb. This operation is the pre-discharge. Thereafter, the 
actual signal is outputted. Since the follower circuit is 
already in the state where Vout < Vin - Vb at the time of 
outputting the actual signal, the signal is outputted to 
the load capacitance through an amplifying transistor. 
Therefore, the signal writing-in time does not become 
long. 

[0037] An electric potential that is slightly higher than 
a threshold voltage of the biasing transistor, that is, an 
electric potential value as low as possible, is applied to 
a gate electric potential of the biasing transistor when 
outputting the actual signal, in other words, the bias 
electric potential Vb. The reasons for this resides in that 
considering the input/output relationship Vout = Vin -Vb 
of the source follower circuit, it is preferable to lower the 
bias electric potential Vb as much as possible in order 
to increase the output electric potential Vout. However, 
it is necessary that the biasing transistor be in conduc- 



tive state. In short, it is necessary that the biasing tran- 
sistor operate in the saturated region. Accordingly, the 
gate electric potential of the biasing transistor when out- 
putting the actual signal, that is, the bias electric poten- 

s tial Vb is made slightly higher than the threshold voltage 
of the biasing transistor. In practice, the electric potential 
is made slightly higher than the highest threshold volt- 
age in all the biasing transistors in a circuit. 
[0038] Even if, the bias electric potential Vb is made 

10 small, and therefore the amount of electric current of the 
biasing transistor becomes small, the electric charge of 
the load capacitance is not discharged through the bi- 
asing transistor. Hence, the signal writing-in time does 
not become long. In addition, because the bias electric 

w potential is small, the operating region in which the input/ 
output relationship Is linear is wide. Therefore, it is pos- 
sible to prevent the signal writing-in time from becoming 
long, and enlarging the amplitude of the output electric 
potential and widening the operating region in which the 

20 input/output relationship is linear at the same time. The 
structure of the present invention will be described be- 
low. 

[0039] According to the present invention, there is 
provided a semiconductor device having an amplifying 
25 transistor, a biasing transistor, an amplifying side power 
source line, a biasing side power source line, a bias sig- 
nal line, an electric discharging transistor, and an elec- 
tric discharging power source line, characterized in that: 

30 a drain terminal of the amplifying transistor is con- 
nected to the amplifying side power source line, a 
source terminal of the biasing transistor is connect- 
ed to the biasing side power source line, a source 
terminal of the amplifying transistor is connected to 

35 a drain terminal of the biasing transistor, a gate ter- 
minal of the biasing transistor is connected to the 
bias signal line, a gate terminal of the amplifying 
transistor serves as an input terminal, and a source 
terminal of the amplifying transistor serves as an 

40 output terminal, and 

one of the output terminal and the electric discharg- 
ing power source line is connected to a source ter- 
minal of the electric discharging transistor while the 
other thereof is connected to a drain terminal of the 

45 electric discharging transistor. 

[0040] According to the present invention, there is 
provided a semiconductor device having an amplifying 
transistor, a biasing transistor, an amplifying side power 
so source line, a biasing side power source line, and a bias 
signal line, characterized in that: 

a drain terminal of the amplifying transistor is con- 
nected to the amplifying side power source line, a 
55 source terminal of the biasing transistor is connect- 
ed to the biasing side power source line, a source 
terminal of the amplifying transistor is connected to 
a drain terminal of the biasing transistor, a gate ter- 
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minal of the biasing transistor is connected to the 
bias signal line, a gate terminal of the amplifying 
transistor serves as an input terminal, and a source 
terminal of the amplifying transistor serves as an 
output terminal, and 

a signal generating device is connected to the bias 
signal line for performing the operation of making 
the electric potential of the biasing side power 
source line close to the electric potential of the am- 
plifying side power source line. 

[0041] According to the present invention, there is 
provided a semiconductor device, characterized in that 
one terminal of a load capacitance is connected to the 
output terminal, and the other terminal of the load ca- 
pacitance is connected to a load capacitance power 
source line. 

[0042] According to the present invention, there is 
provided a semiconductor device, characterized in that 
the electric discharging power source line is connected 
to the biasing side power source line. 
[0043] According to the present invention, there is 
provided a semiconductor device, characterized in that 
at least 2 lines from among the electric discharging pow- 
er source line, the load capacitance power source line, 
and the biasing side power source line are connected 
together. 

[0044] According to the present invention, there is 
provided a semiconductor device, characterized in that 
the load capacitance power source line is connected to 
the amplifying side power source line. 
[0045] According to the present invention, there is 
provided a semiconductor device, characterized in that 
the semiconductor device has at least one selecting 
switch for controlling an electric current flowing to the 
load capacitance or the output terminal from the ampli- 
fying side power source line or from the biasing side 
power source line. 

[0046] According to the present invention, there is 
provided a semiconductor device, characterized in that 
the semiconductor device has at least one selecting 
switch for controlling an electric current flowing to the 
output terminal from the amplifying side power source 
line or from the biasing side power source line. 
[0047] According to the present invention, there is 
provided a semiconductor device, characterized in that 
the selecting switch has at least one of an N channel 
transistor or a P channel transistor. 
[0048] According to the present invention, there is 
provided a semiconductor device, characterized in that 
an absolute value of a voltage between a gate and a 
source of the biasing transistor is equivalent to a mini- 
mum value of an absolute value of a voltage between a 
gate and a source that is necessary for making the bi- 
asing transistor into a conductive state. 
[0049] According to the present invention, there is 
provided a semiconductor device, characterized in that 
a photoelectric conversion element is connected to the 



input terminal. 

[0050] According to the present invention, there is 
provided a semiconductor device, characterized in that 
a signal generated by a photoelectric conversion ele- 
ment is fed to the input terminal. 
[0051] According to the present invention, there is 
provided a semiconductor device, characterized in that 
the photoelectric conversion element is either an X-ray 
sensor or an infrared sensor. 

[0052] According to the present invention, there is 
provided a semiconductor device, characterized in that 
the photoelectric conversion element is any one of a 
photo diode, a Schottky diode, an avalanche diode, or 
a photo conductor. 

[0053] According to the present invention, there is 
provided a semiconductor device, characterized in that 
the photo diode is one of a type incorporating a PN type, 
a PIN type, or an NPN embedded type. 
[0054] According to the present invention, there is 
provided a semiconductor device, characterized in that 
the semiconductor device has a resetting transistor, and 
a source terminal or a drain terminal of the resetting tran- 
sistor is connected to the photoelectric conversion ele- 
ment. 

[0055] According to the present invention, there is 
provided a semiconductor device, characterized in that 
when the semiconductor device has a plurality of biasing 
transistors, an absolute value of a voltage between a 
gate and a source of the plurality of biasing transistors 
is equivalent to a minimum value of an absolute value 
of a voltage between a gate and a source that is neces- 
sary for making the entire plurality of biasing transistors 
into a conductive state. 

[0056] According to the present invention, there is 
provided a semiconductor device, characterized in that 
the amplifying transistor, the biasing transistor, and the 
electric discharging transistor are transistors having the 
same polarity. 

[0057] According to the present invention, there is 
provided a driving method of a semiconductor device 
having an amplifying transistor, a biasing transistor, an 
amplifying side power source line, a biasing side power 
source line, and a bias signal line, characterized in that: 

a drain terminal of the amplifying transistor is con- 
nected to the amplifying side power source line, a 
source terminal of the biasing transistor is connect- 
ed to the biasing side power source line, a source 
terminal of the amplifying transistor is connected to 
a drain terminal of the biasing transistor, 
a gate terminal of the biasing transistor is connected 
to the bias signal line, a gate terminal of the ampli- 
fying transistor serves as an input terminal, and a 
source terminal of the amplifying transistor serves 
as an output terminal, and characterized in that 
the driving method outputs a signal after performing 
a pre-discharge. 
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[0058] According to the present invention, there is 
provided a driving method of a semiconductor device 
having an amplifying transistor, a biasing transistor, an 
amplifying side power source line, a biasing side power 
source tine, and a bias signal line, characterized in that: 5 

a drain terminal of the amplifying transistor is con- 
nected to the amplifying side power source line, a 
source terminal of the biasing transistor is connect- 
ed to the biasing side power source line, a source 
terminal of the amplifying transistor is connected to 
a drain terminal of the biasing transistor, a gate ter- 
minal of the biasing transistor is connected to the 
bias signal line, a gate terminal of the amplifying 
transistor serves as an input terminal, and a source 
terminal of the amplifying transistor serves as an 
output terminal, and characterized in that 
the driving method outputs a signal after performing 
a pre-discharge by making an electric potential of 
the biasing side power source line close to an elec- 
tric potential of the amplifying side power source 
line. 

[0059] According to the present invention, there is 
provided a driving method of a semiconductor device 
having an amplifying transistor, a biasing transistor, an 
amplifying side power source line, a biasing side power 
source line, and a bias signal line, an electric discharg- 
ing transistor, and an electric discharging power source 
line characterized in that: 

a drain terminal of the amplifying transistor is con- 
nected to the amplifying side power source line, a 
source terminal of the biasing transistor is connected to 
the biasing side power source line, a source terminal of 
the amplifying transistor is connected to a drain terminal 
of the biasing transistor, a gate terminal of the biasing 
transistor is connected to the bias signal line, a gate ter- 
minal of the amplifying transistor serves as an input ter- 
minal, a source terminal of the amplifying transistor 
serves as an output terminal, one of the output terminal 
and the electric discharging power source line is con- 
nected to a source terminal of the electric discharging 
transistor while the other thereof is connected to a drain 
terminal of the electric discharging transistor, and 
characterized in that the driving method outputs a signal 
after performing a pre-discharge by making the electric 
discharging transistor into a conductive state. 
[0060] According to the present invention, there is 
provided a driving method of a semiconductor device, 
characterized in that a value of an electric potential of 
the electric discharging power source line takes a value 
that is between an electric potential of the bias signal 
line and an electric potential of the biasing side power 
source line. 

[0061] According to the present invention, there is 
provided a driving method of a semiconductor device, 
characterized in that one terminal of a load capacitance 
is connected to the output terminal, and the other termi- 



nal of the load capacitance is connected to a load ca- 
pacitance power source line. 

[0062] According to the present invention, there is 
provided a driving method of a semiconductor device, 
characterized in that the electric discharging power 
source line and the biasing side power source line are 
to be connected together. 

[0063] According to the present invention, there is 
provided a driving method of a semiconductor device, 
characterized in that at least 2 lines from among the 
electric discharging power source line, the load capac- 
itance power source line, and the biasing side power 
source line are to be connected together. 
[0064] According to the present invention, there is 
provided a driving method of a semiconductor device, 
characterized in that the load capacitance power source 
line is connected to the amplifying side power source 
line. 

[0065] According to the present invention, there is 
provided a driving method of a semiconductor device, 
characterized in that the driving method of a semicon- 
ductor device has at least one selecting switch for con- 
trolling an electric current flowing to the load capaci- 
tance or the output terminal from the amplifying side 
power source line or from the biasing side power source 
line. 

[0066] According to the present invention, there is 
provided a driving method of a semiconductor device, 
characterized in that the driving method of a semicon- 
ductor device has at least one selecting switch for con- 
trolling an electric current flowing to the output terminal 
from the amplifying side power source line or from the 
biasing side power source line. 
[0067] According to the present invention, there is 
provided a driving method of a semiconductor device, 
characterized in that the selecting switch has at least 
one of an N channel transistor or a P channel transistor. 
[0068] According to the present invention, there is 
provided a driving method of a semiconductor device, 
characterized in that an absolute value of a voltage be- 
tween a gate and a source of the biasing transistor is 
equivalent to a minimum value of an absolute value of 
a voltage between a gate and a source that is necessary 
for making the biasing transistor into a conductive state. 
[0069] According to the present invention, there is 
provided a driving method of a semiconductor device, 
characterized in that a photoelectric conversion element 
is connected to the input terminal. 
[0070] According to the present invention, there is 
provided a driving method of a semiconductor device, 
characterized in that a signal generated by a photoelec- 
tric conversion element is fed to the input terminal. 
[0071] According to the present invention, there is 
provided a driving method of a semiconductor device, 
characterized in that the photoelectric conversion ele- 
ment is either an X-ray sensor or an infrared sensor. 
[0072] According to the present invention, there is 
provided a driving method of a semiconductor device, 
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characterized in that the photoelectric conversion ele- 
ment is any one of a photo diode, a Schottky diode, an 
avalanche diode, or a photo conductor. 
[0073] According to the present invention, there is 
provided a driving method of a semiconductor device, 
characterized in that the photo diode is any one of a type 
incorporating a PN type, a PIN type, or an NPN embed- 
ded type. 

[0074] According to the present invention, there is 
provided a driving method of a semiconductor device, 
characterized in that the driving method of a semicon- 
ductor device has a resetting transistor, and the reset- 
ting transistor resets the photoelectric conversion ele- 
ment. 

[0075] According to the present invention, there is 
provided a driving method of a semiconductor device, 
characterized in that when the driving method of a sem- 
iconductor device has a plurality of biasing transistors, 
an absolute value of a voltage between a gate and a 
source of the plurality of biasing transistor is equivalent 
to a minimum value of an absolute value of a voltage 
between a gate and a source that is necessary for mak- 
ing the entire plurality of biasing transistors into a con- 
ductive state. 

[0076] According to the present invention, there is 
provided a driving method of a semiconductor device, 
characterized in that the amplifying transistor, the bias- 
ing transistor, and the electric discharging transistor are 
transistors having the same polarity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0077] The above and other objects and features of 
the present invention will be more apparent from the fol- 
lowing description taken in conjunction with the accom- 
panying drawings: 

Figs. 1 A and 1 B are diagrams showing a circuit con- 
figuration and a timing chart, respectively, of a 
source follower circuit of the present invention; 
Fig. 2 is a diagram showing a circuit configuration 
of a pixel of a conventional passive sensor; 
Fig. 3 is a diagram showing a circuit configuration 
of a pixel of a conventional active sensor; 
Fig. 4 is a diagram showing a circuit configuration 
of a conventional source follower circuit; 
Fig. 5 is a diagram showing an electric current char- 
acteristic of a source follower circuit; 
Fig. 6 is a diagram showing an electric current char- 
acteristic of a source follower circuit; 
Fig. 7 is a diagram showing an input/output charac- 
teristic of a source follower circuit; 
• Figs. 8A and 8B are diagrams showing a circuit con- 
figuration and a timing chart, respectively, of a 
source follower circuit; 

Figs. 9A and 9B are diagrams showing a circuit con- 
figuration and a timing chart, respectively, of a 
source follower circuit; 



Fig. 1 0 is a diagram showing a timing chart of an 
active sensor; 

Figs. 11 A and 11 B are diagrams showing a circuit 
configuration and a timing chart, respectively, of a 

5 source follower circuit of the present invention; 

Figs. 12A and 12B are diagrams showing a circuit 
configuration and a timing chart, respectively, of a 
source follower circuit of the present invention; 
Figs. 13A and 13B are diagrams showing a circuit 

io configuration and a timing chart, respectively, of a 
source follower circuit of the present invention; 
Figs. 14A and 14B are diagrams showing a circuit 
configuration and a timing chart, respectively, of a 
source follower circuit of the present invention; 

is Figs. 15A and 15B are diagrams showing a circuit 
configuration and a timing chart, respectively, of a 
source follower circuit of the present invention; 
Figs. 16A and 16B are diagrams showing a circuit 
configuration and a timing chart, respectively, of a 

20 source follower circuit of the present invention; 

Figs. 17A and 17B are diagrams showing a circuit 
configuration and a timing chart, respectively, of a 
source follower circuit of the present invention; 
Figs. 18A and 18B are diagrams showing a circuit 

25 configuration and a timing chart, respectively, of a 
source follower circuit of the present invention; 
Figs. 19A and 19B are diagrams showing a circuit 
configuration and a timing chart, respectively, of a 
source follower circuit of the present invention; 

30 Fig. 20 is a block diagram of an area sensor of the 
present invention; 

Fig. 21 is a diagram showing a circuit configuration 
of a pixel of an active sensor of the present inven- 
tion; 

35 Fig. 22 is a diagram showing a circuit configuration 
of a pixel of an active sensor of the present inven- 
tion; 

Fig. 23 is a diagram showing a circuit configuration 
of a signal processing circuit of the present inven- 
40 tion; 

Fig. 24 is a diagram showing a circuit configuration 
of a final output amplifying circuit signal of the 
present invention; 

Fig. 25 is a diagram showing a circuit configuration 
45 of a final output amplifying circuit signal of the 
present invention; 

Fig. 26 is a diagram showing a timing chart of an 

area sensor of the present invention; 

Fig. 27 is a diagram showing a timing chart of an 

so area sensor of the present invention; 

Fig. 28 is a diagram showing a timing chart of an 
area sensor of the present invention; 
Fig. 29 is a diagram showing a circuit configuration 
of a signal processing circuit of the present inven- 

55 tion; 

Figs. 30A to 30D are diagrams showing manufac- 
turing processes of an image sensor of the present 
invention; 
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Figs. 31 A to 31 D are diagrams showing manufac- 
turing processes of an image sensor of the present 
invention; 

Figs. 32A to 32C are diagrams showing manufac- 
turing processes of an image sensor of the present s 
invention; 

Figs. 33A and 33B are diagrams showing manufac- 
turing processes of an image sensor of the present 
invention; 

Figs. 34A and 34B are diagrams showing electronic 
equipments using the image sensor of the present 
invention; 

Fig. 35 is a diagram showing an electronic equip- 
ment using the image sensor of the present inven- 
tion; 

Fig. 36 is a diagram showing an electronic equip- 
ment using the image sensor of the present inven- 
tion; and 

Fig. 37 is a diagram showing an electronic equip- 
ment using the image sensor of the present inven- 
tion; 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment Mode 1 

[0078] A typical embodiment mode of the present in- 
vention is shown in the following. 
[0079] Shown in Figs. 1 1 A and 1 1 B is an example of 
a pre-discharge implementation method. Fig. 11 A is a 
diagram showing a circuit configuration of the pre-dis- 
charge implementation method, and Fig. 11 B is a dia- 
gram showing a signal timing chart thereof . In Figs. 11 A 
and 11B, pre-discharge is performed by arranging an 
exclusive electric discharging transistor 1 1 08. Figs. 1 1 A 
and 11 B are diagrams illustrating an example of a case 
in which an N channel transistor is used to construct the 
source follower circuit. 

[0080] An electric potential of a gate terminal of an 
amplifying transistor 1101 (input terminal 1105) be- 
comes an input electric potential Vin. This input electric 
potential Vin corresponds to an electric potential of an 
N channel side terminal of a photo diode. A drain termi- 
nal of the amplifying transistor 1101 is connected to an 
amplifying side power source line 1103, and a source 
terminal thereof is connected to a drain terminal of a bi- 
asing transistor 1 1 02. The source terminal of the ampli- 
fying transistor 1101 serves as an output terminal 1107 
and an electric potential thereof becomes an output 
electric potential Vout. A bias electric potential Vb is ap- 
plied to a gate terminal of the biasing transistor 1 1 02. A 
source terminal of the biasing transistor 1 1 02 is connect- 
ed to a biasing side power source line 1104. A source 
terminal and a drain terminal of the electric discharging 
transistor 1108 are connected to the output terminal 
1107 of the source follower circuit (source terminal of 
the amplifying transistor 1101) and an electric discharg- 



ing power source line 1109. 

[0081] As shown in Fig. 11B, when the electric dis- 
charging transistor 1 1 08 is in conductive, the electric po- 
tential of the output terminal 1107 becomes the electric 
potential of the electric discharging power source line 
1109 to thereby carry out pre-discharge. During a pre- 
discharge period, a large electric current can be caused 
to flow to the electric discharging transistor 1108 be- 
cause the gate electric potential of the electric discharg- 
ing transistor 1108 is large. As a result, the output elec- 
tric potential Vout can be rapidly lowered, whereby the 
pre-discharge period is shortened. In this method, the 
bias electric potential Vb may be equivalent to that of 
the prior art, or may be large. 
[0082] An actual signal is outputted after the pre-dis- 
charge. In that case, since the source follower circuit is 
in the Vout < Vin - Vb state, a large electric current flows 
to the amplifying transistor 1 1 01 as the voltage between 
the gate and the source thereof is large. Consequently, 
a signal writing-in can be done in a short time. 
[0083] Taking the input/output relationship of Vout = 
Vin - Vb into consideration, it is appropriate to make the 
bias electric potential Vb as low as possible when out- 
putting the output electric potential Vout in order to in- 
crease the output electric potential Vout. However, the 
biasing transistor 1102 must be in conductive. In other 
words, the biasing transistor 1102 must be operable in 
the saturated region and a value in which a fixed electric 
current can flow therein. Therefore, other than during 
the pre-discharge period, an optimum value of an abso- 
lute value of a bias signal electric potential (voltage be- 
tween the gate and the source of the biasing transistor) 
is an electric potential that is slightly higher than an ab- 
solute value of a threshold voltage of the biasing tran- 
sistor 1102. 

[0084] Further, when the bias electric potential Vb is 
low, the operating region in which the input/output rela- 
tionship is linear can be widened because the biasing 
transistor 1102 can readily operate in the saturated re- 
gion. 

[0085] Thus, from the above consequences, it is pos- 
sible to prevent the signal writing-in time from becoming 
long, and enlarging the amplitude of the output electric 
potential and widening the operating region in which the 
Input/output relationship is linear can be realized at the 
same time. 

[0086] With regard to the polarity of the electric dis- 
charging transistor 1108, the polarity thereof may be 
similar to those of the amplifying transistor 1 1 01 and the 
biasing transistor 1102, that is, in Figs. 11 A and 11B, an 
N channel type. The reason for this resides in that when 
making the electric discharging transistor 1108 into a 
conductive, if an N channel type is used to form the elec- 
tric discharging transistor 1108, then the voltage be- 
tween the gate and the source thereof can large be- 
cause the electric potential of the electric discharging 
power source line 1 1 09 is low. If the polarity of the elec- 
tric discharging transistor 1 1 08 is different from that of 
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the amplifying transistor 1101 and that of the biasing 
transistor 1 1 02, that is, in Figs. 11 A and 1 1 B, if a P chan- 
nel type is used to form the electric discharging transis- 
tor 1108, it is necessary to apply an extremely low elec- 
tric potential to the gate terminal of the electric discharg- s 
ing transistor 1 1 08. In other words, it is necessary to ap- 
ply an electric potential that is lower than the electric 
potential of the biasing side power source line 1104. 
Therefore, from the above explanation, it is desirable to 
make the polarity of the electric discharging transistor 
1 1 08 similar to that of the amplifying transistor 1 1 01 and 
that of the biasing transistor 1102. 
[0087] Note that in Figs. 11 A and 11 B, a plurality of 
electric discharging transistors 1108N may be used, in 
which case transistors of both polarities may be used. 
[0088] Next, the electric potential of the electric dis- 
charging power source line 1109 will be explained. To 
perform pre-discharge is to set the state of the circuit to 
Vout < Vin - Vb. Therefore, the electric potential of the 
electric discharging power source line 1109 has to be 
set to a low electric potential. The electric potential 
thereof may be lower than the electric potential of the 
biasing side power source line 1 1 04. However, since the 
electric potential operation range of the output terminal 
1107 is between the electric potential of the amplifying 
side power source line 1103 and the electric potential of 
the biasing side power source line 1 104. Even if the elec- 
tric potential of the electric discharging power source 
line 1109 is made lower than the electric potential of the 
biasing side power source line 1 1 04, no improvement is 
obtained. In the case where the electric potential of the 
electric discharging power source line 1109 is higher 
than the electric potential of the biasing side power 
source line 1104, the state of Vout < Vin - Vb may not 
be attained if the electric potential of the electric dis- 
charging power source line 1109 is made higher than 
the electric potential of the bias signal line 1106. Thus, 
from the above explanation , it is necessary that the elec- 
tric potential of the electric discharging power source 
line 1 1 09 be set higher than the electric potential of the 
biasing side power source line 1104 but lower than the 
electric potential of the bias signal line 1106. Normally, 
the electric potential of the electric discharging power 
source line 1109 may be set equivalent to that of the 
biasing side power source line 1104. Therefore, the 
electric discharging power source line 1109 and the bi- 
asing side power source line 1104 may be connected. 
[0089] When employing the circuit of Figs. 11A and 
1 1 B in practice, the load capacitance is often connected 
to the output terminal 1107 to thereby accumulate the 
signals therein. The diagram of a circuit configuration of 
a case in which the load capacitance is connected to the 
circuit illustrated in Figs. 11 A and 11 B is shown in Figs. 
1A and 1B. One terminal of a load capacitance 110 is 
connected to an output terminal 107 whereas the other 
terminal thereof is connected to a load capacitance pow- 
er source line 111. The electric potential value of the load 
capacitance power source line 111 may be an arbitrary 



20 

value. Normally the electric potential value thereof is of- 
ten set equivalent to the electric potential of a biasing 
side power source line 104. Therefore, the load capac- 
itance power source line 1 1 1 and the biasing side power 
source line 104 may be connected. The load capaci- 
tance power source line 1 1 1 may also be connected with 
an amplifying side power source line 103. Thus, from 
the above explanation, 2 lines or more from among the 
load capacitance power source line 111 , the biasing side 
power source line 1 04, and the electric discharging pow- 
er source line 1 09 may be connected to each other. A 
circuit configuration and a timing chart of a situation 
where 3 lines are connected to each other is shown in 
Figs. 12A and 12B. 

[0090] Explanation has been given so far for the case 
of using an N channel transistor to construct the source 
follower circuit. However, it is also possible to use a P 
channel transistor to construct the source follower cir- 
cuit. Thus, a drawing of circuit configuration using the P 
channel transistor to construct the source follower circuit 
will be shown next. The case of using the P channel tran- 
sistor in the circuit of Figs. 11 A and 11 B will be shown 
in Figs. 1 3A and 1 3B, and a case of using the P channel 
transistor in the circuit of Figs. 1 A and 1 B will be shown 
in Figs. 14Aand 14B. Shown in Figs. 15A and 15B is a 
case of using the P channel transistor in the circuit of 
Figs. 12A and 12B. When the N channel transistor is 
used to construct the source follower circuit, the electric 
potential of the amplifying side power source line 1103 
is higher than the biasing side power source line 1103. 
However, when the P channel transistor is used to con- 
struct the source follower circuit, the electric potential of 
an amplifying side power source line 1303 is lower than 
the electric potential of a biasing side power source line 
1304. 

[0091] In some cases, a plurality of source follower 
circuits may be arranged and output terminals may be 
connected to each other and arranged therein. At that 
point, there is a necessity to output a signal only from 
one source follower circuit. Therefore, a switch may be 
provided to stop the flow of an electric current. The dia- 
grams of a circuit configuration and a timing chart of a 
case where a transferring transistor 1 61 2 is provided be- 
tween an output terminal 1 607 and a load capacitance 
1610 in the circuit of Figs. 1A and 1B is illustrated in 
Figs. 16A and 16B. In the circuit of Figs. 16A and 16B, 
a switching transistor 1 71 3 is provided between an out- 
put terminal 1 707 and an amplifying transistor 1 701 , and 
the circuit configuration and timing chart of this case is 
illustrated in Figs. 17A and 17B. In Figs. 16A and 16B 
or in Figs. 17A and 17B, at least one element from the 
amplifying transistor, the biasing transistor, and the se- 
lecting switch may be used to construct a unit pixel. 
[0092] Note that the switch for stopping the flow of an 
electric current may be formed of either the N channel 
transistor or the P channel transistor. In addition, a plu- 
rality of switches may be provided and the connecting 
method thereof may be in series or in parallel. 
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Embodiment Mode 2 

[0093] Next, an embodiment mode of a case in which 
a method of performing the pre-discharge is different 
from that of Embodiment Mode 1 is shown in Figs. 1 8A 5 
and 18B. Fig. 18A is a diagram showing a circuit con- 
figuration, and Fig. 18B is a diagram showing a signal 
timing chart. In Figs. 1 8A and 1 8B, pre-discharge is per- 
formed by making the bias electric potential Vb large. 
Shown in Figs. 18A and 18B is an example of a case 
using an N channel transistor to construct the source 
follower circuit. 

[0094] An electric potential of a gate terminal of an 
amplifying transistor 1801 becomes the input electric 
potential Vin. This input electric potential Vin corre- 
sponds to the electric potential of the N channel side 
terminal of the photo diode. A drain terminal of the am- 
plifying transistor 1801 is connected to an amplifying 
side power source line 1803, and a source terminal 
thereof is connected to a drain terminal of a biasing tran- 
sistor 1 802. The source terminal of the amplifying tran- 
sistor 1 801 serves as an output terminal 1 807 and an 
electric potential thereof becomes the output electric po- 
tential Vout. The bias electric potential Vb is applied to 
a gate terminal of the biasing transistor 1802. A source 
terminal of the biasing transistor 1 802 is connected to a 
biasing side power source line 1 804. 
[0095] The bias electric potential Vb is increased dur- 
ing the pre-discharge period. As a result, the electric po- 
tential of the output terminal 1 807 becomes the electric 
potential of a biasing side power source line 1804 to 
thereby carry out pre-discharge. During the pre-dis- 
charge period, a large electric current can be caused to 
flow to the biasing transistor 1802 because the gate 
electric potential of the biasing transistor 1802, that is, 
the bias electric potential Vb is large. Consequently, the 
output electric potential Vout can be rapidly lowered, 
whereby the pre-discharge period is shortened. 
[0096] An actual signal is outputted after the pre-dis- 
charge. In that case, since the source follower circuit is 
in the Vout < Vin - Vb state, a large electric current flows 
to the amplifying transistor 1801 because the electric 
potential between the gate and the source thereof is 
large. Consequently, the signal writing-in can be done 
in a short time. 

[0097] Taking the input/output relationship of Vout = 
Vin - Vb into consideration, it is appropriate to make the 
bias electric potential Vb as low as possible when out- 
putting the output electric potential Vout in order to in- 
crease the output electric potential Vout. However, the 
biasing transistor 1802 must be in conductive. In other 
words, the biasing transistor 1802 must be operable in 
the saturated region and set at a value in which a fixed 
electric current can flow therein. Therefore, other than 
during the pre-discharge period, an optimum value of 
an absolute value of a bias signal electric potential (volt- 
age between the gate and the source of the biasing tran- 
sistor) is an electric potential that is slightly higher than 



an absolute value of a threshold voltage of the biasing 
transistor 1802. 

[0098] Further, when the bias electric potential Vb is 
low, the operating region in which the input/output rela- 
tionship is linear can be widened because the biasing 
transistor 1 802 can readily operate in the saturated re- 
gion. 

[0099] Thus, from the above consequences, it is pos- 
sible to prevent the signal writing-in time from becoming 
long, and enlarging the amplitude of the output electric 
potential while widening the operating region in which 
the input/output relationship is linear can be realized at 
the same time. 

[01 00] Regarding the electric potential value of the bi- 
as electric potential Vb during pre-discharge, it is pref- 
erable to make the electric potential value thereof as 
high as possible in order to perform discharge. There- 
fore, increasing the bias electric potential Vb until it is 
as high as the highest electric potential in the circuit, for 
example, the amplifying side power source line 1803, is 
appropriate. 

[0101] In the prior art, a fixed electric potential was 
applied to the bias signal line 1806. In Embodiment 
Mode 2, the bias electric potential Vb changes during 
pre-discharge. Therefore, a signal generating device for 
changing the bias electric potential Vb is connected to 
the bias signal line 1806. 

[0102] The explanation so far has been about the 
case of using an N channel transistor to construct the 
source follower circuit. However, it is also possible to 
use a P channel transistor to construct the source fol- 
lower circuit. Thus, a drawing where the P channel tran- 
sistor is used to construct the source follower circuit is 
shown in Figs . 1 9A and 1 9B. Similar to Embodiment 
Mode 1 , the relationship concerning the size of the elec- 
tric potential of the amplifying side power source line and 
the electric potential of the biasing side power source 
line is different between the case of using the N channel 
transistor to construct the source follower circuit and the 
case of using the P channel transistor to construct the 
source follower circuit. 

[0103] Note that similar to Embodiment Mode 1 , the 
provision of a load capacitance and a selecting switch 
is also possible in Embodiment Mode 2. 

Embodiment 1 

[0104] An embodiment of a case in which pre-dis- 
charge is performed by employing an electric discharg- 
ing transistor in an area sensor that has pixels arranged 
two-dimensional therein and incorporated with driver 
circuits in the periphery thereof will be explained next. 
The entire circuit configuration is illustrated in Fig. 20. 
First, there is provided a pixel arrangement portion 2005 
having pixels arranged two-dimensional therein. Driver 
circuits for driving a gate signal line and a reset signal 
line of each of the pixels Is provided on the left and right 
sides of the pixel arrangement portion 2005. In Fig. 20, 
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a gate signal line driver circuit 2006 is provided on the 
left side and a reset signal line driver circuit 2007 is pro- 
vided on the right side. Driver circuits such as a signal 
processing circuit are arranged above the pixel arrange- 
ment portion 2005. A biasing circuit 2003 is arranged 5 
above the pixel arrangement portion 2005 in Fig. 20. 
The biasing circuit 2003 and the amplifying transistors 
of the respective pixels form the source follower circuit. 
A sample hold and signal processing circuit 2002 are 
arranged above the biasing circuit 2003. Circuits for 10 
maintaining signals for a time, for performing analog/ 
digital conversion, or for reducing noise are arranged 
here. A signal output line driver circuit 2001 is arranged 
above the sample hold and signal processing circuit 
2002. The signal output line driver circuit 2001 outputs « 
signals for outputting, in sequence, the signals that have 
been temporarily preserved. Then, before the signals 
are outputted to the outside, a final output amplifying 
circuit 2004 is arranged thereto. Before the signals, 
which are sequentially outputted hereto by the sample 
hold and the signal processing circuit 2002 and the sig- 
nal output line driver circuit 2001 , are outputted to the 
outside, the signals are amplified by the final output am- 
plifying circuit 2004. Therefore, although unnecessary 
when the signals are not amplified, in practice it is often 
provided. 

[0105] Next, the circuit configuration of the respective 
portions is illustrated. First, taking an ith line jth row pixel 
portion circuit 2008 as an example from the interior of 
the pixel arrangement portion 2005 having pixels ar- 
ranged in two-dimensional, the circuit configuration 
thereof is shown in Fig. 21 . In Fig. 21 , the ith line jth row 
pixel portion circuit 2008 is composed of a P channel 
resetting transistor 2107, a P channel switching transis- 
tor 21 01, an N channel amplifying transistor 2106, and 
a photoelectric conversion element (here, it is the most 
typical photo diode 2104). A P channel side terminal of 
the photo diode 2104 is connected to a power source 
standard line 2112, and an N channel side terminal 
thereof is connected to a gate terminal of the amplifying 
transistor 2106. An ith line resetting signal line 2105 is 
connected to a gate terminal of the resetting transistor 
2107. A source terminal and a drain terminal of the re- 
setting transistor 21 07 are connected to a jth row power 
source line 21 09 and to the gate terminal of the ampli- 
fying transistor 2106. A gate terminal of the switching 
transistor 2101 is connected to an ith line gate signal 
line 2102, and a source terminal and a drain terminal 
thereof are connected to the jth row power source line 
21 09 and to the gate terminal of the amplifying transistor 
21 06. A source terminal and a drain terminal of the am- 
plifying transistor 2106 are connected to a jth row signal 
output line 21 03 and to the switching transistor 21 01 . As 
in the prior art, the ith line gate signal line 21 02 and the 
ith line resetting signal line 2105 have their wirings ex- 
tended in the horizontal direction. 
[0106] If the wirings of this circuit configuration is 
made corresponding to the wirings of the source follow- 



24 

er circuit, the jth row power source line 2109 corre- 
sponds to the amplifying side power source line 1103, 
the power source standard line 2112 corresponds to the 
biasing side power source line 1 1 04, and the output ter- 
minal 1107 corresponds to the jth row signal output line 
2103. 

[0107] In Fig. 21, the resetting transistor 2107 is 
formed of the P channel type. However, the resetting 
transistor 2107 maybe formed of the N channel type. 
Note that, the voltage between the gate and the source 
of the resetting transistor 2107 cannot be large during 
the resetting operation in the case the N channel type 
is used to form the resetting transistor 21 07. According- 
ly, the resetting transistor will operate in the saturated 
region, whereby the photo diode 2104 cannot be 
charged sufficiently. As a result, though the resetting 
transistor 2107 will operate even if it is formed of the N 
channel type, it is desirable to use a P channel type. 
[0108] As for the switching transistor 2101, it is ar- 
ranged between the ith line power source line 21 09 and 
the amplifying transistor 2106, and is desirably formed 
of the P channel type as well. However, similar to the 
prior art, since the switching transistor can operate even 
if it is formed of N channel type, the N channel type may 
be used. The switching transistor 21 01 may also be pro- 
vided between the jth row signal output line 2103 and 
the amplifying transistor 21 06. However, because there 
is difficulty in outputting a signal correctly, the switching 
transistor 2101 is arranged between the ith line power 
source line 21 09 and the amplifying transistor 2106, and 
is desirably formed of the P channel type. 
[0109] As for the amplifying transistor 21 06 in Fig. 21 , 
the N channel type is used. Nonetheless, the P channel 
type may be used. However, in the case of using the P 
channel type, it is necessary to change the connection 
method of the circuit in order to combine the amplifying 
transistor with the biasing transistor to thereby operate 
as the source follower circuit. That is, in the circuit con- 
figuration of Fig. 21, the amplifying transistor 2106 will 
not operate by simply changing the polarity thereof. 
[0110] Then, an example of a circuit configuration 
when a P channel type of amplifying transistor is used 
is shown in Fig. 22. The differences between this circuit 
configuration and that of Fig. 21 is that the polarity of an 
amplifying transistor 2206 is the P channel type, the di- 
rection in which the photo diode faces is inverted, and 
the power source line and the power source standard 
line are changed. In the case of using the P channel type 
in the amplifying transistor, it is necessary to use the P 
channel type in the biasing transistor also. The reason 
for this resides in that there is a necessity to operate the 
biasing transistor as a fixed electric current source. 
Therefore, a description of a biasing transistor 2211 is 
also made in Fig. 22 for reference. The ith line jth row 
pixel portion circuit 2008 illustrated in Fig. 22 is com- 
posed of an N channel type resetting transistor 2207, 
an N channel type switching transistor 2201 , a P chan- 
nel type amplifying transistor 2206, and a photoelectric 
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conversion element (here, it is the most typical photo 
diode 2204). An N channel side terminal of the photo 
diode 2204 is connected to a power source line 2209, 
and a P channel side terminal thereof is connected to a 
gate terminal of an amplifying transistor 2206. An ith line 
resetting signal line 2205 is connected to a gate terminal 
of the resetting transistor 2207. A source terminal and 
a drain terminal of the resetting transistor 2207 are con- 
nected to a jth row power source standard line 2212 and 
to the gate terminal of the amplifying transistor 2206. A 
gate terminal of the switching transistor 2201 is connect- 
ed to an ith line gate signal line 2202, and a source ter- 
minal and a drain terminal thereof are connected to the 
jth row power source standard line 2212 and the ampli- 
fying transistor 2206. A source terminal and a drain ter- 
minal of the amplifying transistor 2206 are connected to 
a jth row signal output line 2203 and to the switching 
transistor 2201 . A biasing signal line 221 0 is connected 
to a gate terminal of the biasing transistor 2211 , and a 
source terminal and a gate terminal thereof are connect- 
ed to the jth row signal output line 2203 and to the power 
source line 2209. 

[01 1 1 ] When the wirings of this circuit configuration is 
made corresponding to the wirings of the source follow- 
er circuit, then the jth row power source standard line 
2212 corresponds to the amplifying side power source 
line 1803, the power source line 2109 corresponds to 
the biasing side power source line 1 804, and the output 
terminal 1807 corresponds to the jth row signal output 
line 2203. 

[0112] In Fig. 22, the N channel type is used for the 
resetting transistor 2207. However, the resetting tran- 
sistor 2207 may also be formed of the P channel type. 
However, the voltage between the gate and the source 
of the resetting transistor 2207 cannot be large during 
the resetting operation in the case where the P channel 
type is used to form the resetting transistor 2207. Ac- 
cordingly, the resetting transistor will operate in the sat- 
urated region, whereby the photo diode 2204 cannot be 
charged sufficiently. As a result, though the resetting 
transistor 2207 will operate even if the P channel type 
is used, it is desirable to use the N channel type. 
[0113] As for the switching transistor 2201 in Fig. 22, 
it is arranged between the jth row power source stand- 
ard line 2212 and the amplifying transistor 2206, and 
desirably is formed of N channel type as well. However, 
since the switching transistor can operate even if it is 
formed of the P channel type, the P channel type may 
also be used. The switching transistor 2201 may also 
be provided between the jth row signal output line 2203 
and the amplifying transistor 2206. However, because 
there is difficulty in outputting a signal correctly, the 
switching transistor 2201 is arranged between the jth 
row power source standard line 2212 and the amplifying 
transistor 2206, and is desirably formed by using the N 
channel type. 

[01 1 4] Thus, as is apparent from the comparison be- 
tween the circuit configurations of Fig. 21 and 22, when 



the polarity of the amplifying transistors is different, the 
optimal transistor structure also differs. 
[0115] Next, the circuit configuration of a jth row pe- 
ripheral portion circuit 2009 taken as an exemplary row 

5 of circuits from inside the biasing circuit 2003 and the 
sample hold and signal processing circuit 2002 is shown 
in Fig. 23. A biasing transistor 2311 is arranged in the 
biasing circuit 2003. The polarity thereof is the same as 
the polarity of the amplifying transistor of the respective 

io pixels. Therefore, if the amplifying transistor of the pixel 
is the N channel type, the biasing transistor is also the 
N channel type. In Fig. 23, the biasing transistor 2311 is 
the N channel type. A gate terminal of the biasing tran- 
sistor 2311 is connected to a biasing signal line 2310, 

15 and a source terminal and a drain terminal thereof are 
connected to a jth row signal output line 2303 and a pow- 
er source standard line 231 2 (when the biasing transis- 
tor is the P channel type, the power source line is used 
in place of the power source standard line). The biasing 

20 transistor 2311 and the amplifying transistors of the re- 
spective pixels, operates as the source follower circuit. 
A gate terminal of a transferring transistor 2313 is con- 
nected to a transfer signal line 2314, and a source ter- 
minal and a drain terminal thereof are connected to a jth 

25 row signal output line 2303 and a load capacitance 
2315. The transferring transistor is operated when 
transferring the electric potential of the signal output line 
2303 to the load capacitance 231 5. Therefore, a P chan- 
nel type transferring transistor may be added and con- 

30 nected in a row to an N channel type transferring tran- 
sistor 231 4. The load capacitance 231 5 is connected to 
the transferring transistor 2313 and the power source 
standard line 2312. The role of the load capacitance 
2315 is to temporarily accumulate therein the signals 

35 outputted from the signal output line 2303. A gate ter- 
minal of an electric discharging transistor 2316 is con- 
nected to a pre-discharge signal line 23 17, and a source 
terminal and a drain terminal thereof are connected to 
the load capacitance 2315 and the power source stand- 

40 ard line 231 2. Prior to inputting the electric potential of 
the signal output line 2303 to the load capacitance 231 5, 
the electric discharging transistor 231 6 operates to dis- 
charge the electric charges that have temporarily accu- 
mulated in the load capacitance 2315. 

45 [0116] Note that the analog/digital signal conversion 
circuit, the noise reduction circuit, etc. may also be ar- 
ranged therein. 

[0117] A final selecting transistor 2319 is connected 
between the load capacitance 2315 and a final output 

50 line 2320. A source terminal and a drain terminal of the 
final selecting transistor 231 9 are connected to the load 
capacitance 2315 and the final output line 2320, and a 
gate terminal thereof is connected to a jth row final se- 
lecting line 231 8. The final selecting line will be scanned 

55 from the first row in sequence. Then the jth row final se- 
lecting line 231 8 is selected, and when the final selecting 
transistor 231 9 is turned into conductive, the electric po- 
tential of the load capacitance 231 5 and that of the final 
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output line 2320 become equivalent. As a result, the sig- 
nals that have accumulated in the load capacitance 
23 15 can be outputted to the final output line 2320. How- 
ever, if electric charges are accumulated in the final out- 
put line 2320 before outputting the signals to the final 
output line 2320, the electric potential when outputting 
the signals to the final output line 2320 will be adversely 
influenced by those electric charges. Therefore, the 
electric potential of the final output line 2320 must be 
initialized to a certain electric potential value before the 
signals are outputted to the final output line 2320. In Fig. 
23, a final resetting transistor 2322 is arranged between 
the final output line 2320 and the power source standard 
line 2312. Agate terminal of the final resetting transistor 
2322 is connected to a jth row final resetting line 2321 . 
Prior to selecting the jth row final selecting line 2318, 
the jth row final resetting line 2321 is selected to thereby 
initialize the electric potential of the final output line 2320 
and that of the power source standard line 231 2. There- 
after, the jth row final selecting line 2318 is selected, 
whereby the signals that have accumulated in the load 
capacitance 2315 are outputted to the final output line 
2320. 

[0118] The signals that will be outputted to the final 
output line 2320 may be withdrawn to the outside. How- 
ever, because the signals are faint, the signals are fre- 
quently amplified before being withdrawn to the outside. 
As a circuit for carrying out the amplification of the sig- 
nals, the circuit configuration of the final portion circuit 
201 0 is shown in Fig. 24. There are various kinds of cir- 
cuits for amplifying the signals, such as an arithmetic 
amplifier. Any kind of circuit that can amplify the signals 
may be used. As the most simple circuit configuration, 
the source follower circuit is shown here. In Fig. 24, the 
N channel type is illustrated. Signals that are inputted 
to the final output amplifying circuit 2004 will be inputted 
to a final output line 2402. Signals are outputted from 
the first row in sequence from the final output line 2402. 
The signals are amplified by the final output amplifying 
circuit 2004 and then outputted to the outside. The final 
output line 2402 is connected to a gate terminal of a final 
output amplifier-amplifying transistor 2404. A drain ter- 
minal of the final output amplifier-amplifying transistor 
2404 is connected a power source line 2404, and a 
source terminal thereof serves as an output terminal. A 
gate terminal of a final output amplifier-biasing transistor 
2403 is connected to a final output amplifying bias signal 
line 2405, and a source terminal and a drain terminal 
thereof are connected to a power source standard line 
2407 and a source terminal of the final output amplifier- 
amplifying transistor 2404. 

[0119] Shown in Fig. 25 is a circuit configuration of 
the source follower circuit when the P channel type is 
used. The difference from the circuit configuration of Fig. 
24 is that the power source line and the power source 
standard tine are reversed. A final output line 2502 is 
connected to a gate terminal of a final output amplifier- 
amplifying transistor 2504. A drain terminal of the final 



output amplifier-amplifying transistor 2504 is connected 
to a power source standard line 2507, and a source ter- 
minal thereof serves as an output terminal. A gate ter- 
minal of a final output amplifier-biasing transistor 2503 

s is connected to a final output amplifying bias signal line 
2505. A source terminal and a drain terminal of the final 
output amplifier-biasing transistor 2503 are connected 
to a power source line 2506 and a source terminal of the 
final output amplifier-amplifying transistor 2504. A value 

10 of the electric potential of the final output amplifying bias 
signal line 2505 is different from that of the final output 
amplifying bias signal line 2405 in the case where the N 
channel type is used. 

[0120] In Figs. 24 and 25, the source follower circuit 
is is constructed of only one level. However, it may also 
be constructed of plural levels. For example, in the case 
of constructing the source follower circuit in 2 levels, the 
output terminal of the first level may be connected to the 
input terminal of the second level. In addition, in each 
20 of the levels, either the N channel type or the P channel 
type may be used. 

[0121] The gate signal line and reset signal line driver 
circuit 2006, the power source line driver circuit 2207, 
and a signal output line driver circuit AZ01 are circuits 
25 which simply output pulse signals. Therefore, imple- 
mentation thereof can be made by employing a known 
technique. 

[01 22] A timing chart of a signal will be explained next. 
The timing chart of the circuit shown in Fig. 20 is illus- 
30 trated in Fig. 26. The reset signal line is scanned se- 
quentially from the first line. For example, first an (i-1 Jth 
line is selected, followed by an ith line, and then an (i+1 ) 
th line is selected. A period until the same line is selected 
again corresponds to a frame period. Similarly, the gate 
35 signal line is sequentially scanned from the first line. 
However, the timing to start scanning the gate signal line 
is later than the timing to start scanning the reset signal 
line. For instance, directing the attention to a pixel of the 
ith line, the ith line reset signal line is selected, and 
^0 thereafter the ith line gate signal line is selected. When 
the ith line gate signal line is selected, a signal is out- 
putted from the pixel of the ith line. A period from the 
time the pixel is reset until the signal is outputted be- 
comes an accumulation time. During the accumulation 
45 time, electric charges generated by light are being ac- 
cumulated in the photo diode. The timing to reset and 
the timing to output a signal are different in each line. 
Therefore, although the accumulation time of the pixels 
in all the lines are equivalent, the time that signals are 
so accumulated therein is different. 

[0123] Next, the timing chart of a signal of Fig. 23 is 
shown in Fig. 27. Because the operation is repetitious, 
the time that the ith line gate signal line is selected will 
be taken as an example and observed. First, after the 
55 rth line gate signal line 2102 is selected, the pre-dis- 
charge signal line 231 7 is selected to thereby make the 
electric discharging transistor 2316 in conductive. Sub- 
sequently, the transfer signal line 2314 is selected, 
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whereby the signal of each of the rows from the ith line 
pixel is outputted to the load capacitance 2315 of every 
row. 

[0124] After accumulating the signals of ail the pixels 
of the ith line in the load capacitance 231 5 of every row, 
the signals of every row are sequentially outputted to 
the final output line 2320. During the period from the time 
the transfer signal line 2314 has become non-selective 
to the time the gate signal line is selected, all the rows 
are scanned by the signal output line driver circuit 2001 . 
First, the final reset line of the first row is selected to 
thereby make the final resetting transistor 2322 into con- 
ductive, whereby the electric potential of the final output 
line 2320 is initialized to that of the power source stand- 
ard line 231 2. Thereafter, the final selecting line 231 8 of 
the first row is selected and the final selecting transistor 
231 9 is turned into conductive to thereby output the sig- 
nal in the load capacitance 2315 of the first row to the 
final output line 2320. Next, the final reset line of the 
second row is selected to thereby make the final reset- 
ting transistor 2322 into conductive, whereby the electric 
potential of the final output line 2320 is initialized to that 
of the power source standard line 2312. Thereafter, the 
final selecting line 2318 of the second row is selected 
and the final selecting transistor 231 9 is turned into con- 
ductive to thereby output the signal in the load capaci- 
tance 2315 of the second row to the final output line 
2320. The operation is repeated thereafter. Similarly, in 
the case of the jth line, the final reset line of the jth row 
is selected to thereby make the final resetting transistor 
2322 into conductive, whereby the electric potential of 
the final output line 2320 is initialized to that of the power 
source standard line 231 2. Thereafter, the final selecting 
line 231 8 of the jth row is selected and the final selecting 
transistor 231 9 is turned into conductive to thereby out- 
put the signal in the load capacitance 2315 of the jth row 
to the final output line 2320. Next, the final reset line of 
the (j+1 )th row is selected and the final resetting tran- 
sistor 2322 is turned into conductive, whereby the elec- 
tric potential of the final output line 2320 is initialized to 
that of the power source standard line 231 2. Thereafter, 
the final selecting line 231 8 of the Q+1 )th row is selected 
and the final selecting transistor 231 9 is turned into con- 
ductive to thereby output the signal in the load capaci- 
tance 23 1 5 of the (j+1 )th row to the fin al o utput line 2320. 
The same operation is repeated thereafter to sequen- 
tially output all the signals to the final output line. During 
this operation, the bias signal line 231 0 is fixed. The sig- 
nals outputted to the final output line 2320 are amplified 
by the final output amplifying circuit 2004 and then out- 
putted to the outside. 

[0125] Next, the (i+1)th line gate signal line is select- 
ed. The same operation as performed when the ith line 
gate signal line was selected will be performed. Then, 
the gate signal line of the next line will be selected fur- 
ther and the same operation will be repeated. 
[0126] The electric potential of the bias signal line 
2310 will be explained here. In Fig. 23, a plural number 



of the biasing transistor 2311 is provided. Therefore, 
even if there is a fluctuation in the threshold voltages of 
the plural number of the biasing transistor 2311 , all the 
biasing transistors 2311 must be in conductive. As a re- 

s suit, it is necessary to make the absolute value of the 
voltage between the gate and the source of the biasing 
transistor equivalent to the minimum value of the abso- 
lute value of the voltage between the gate and the 
source thereof in order to turn all the biasing transistors 

10 into conductive. 

[0127] Note that as for the sensor portion in which 
photoelectric conversion is performed, other than the 
usual PN type of photo diode, a PIN type diode, an av- 
alanche diode, an NPN incorporated diode, a Schottky 

15 diode, an X-ray photo conductor, and a sensor for infra- 
red rays or the like may be used. In addition, X-rays may 
be converted into light by using a fluorescent material 
or a scintillator and thereafter read the light that has 
been converted. 

20 [0128] As explained so far, the photoelectric conver- 
sion element is often connected to the input terminal of 
the source follower circuit. However, a switch may be 
sandwiched therebetween like a photo gate type, or the 
signal, after it has been processed so that it is a loga- 

25 rithmic value of light density, may be inputted to the input 
terminal, like a logarithm conversion type. 
[0129] Although the area sensor having pixels ar- 
ranged in two-dimensional therein was explained in Em- 
bodiment 1 , a line sensor having pixels arrange in one- 

30 dimensional can also be realized. 

Embodiment 2 

[0130] In Embodiment 2, a case in which pre-dis- 
35 charge is performed by controlling a bias signal line in 
an area sensor that has pixels arranged in two-dimen- 
sional therein and incorporated with driver circuits in the 
periphery thereof will be explained next. The Embodi- 
ment 2 is different from Embodiment 1 only with respect 
40 to a portion of the circuit configuration (Fig. 23) and a 
portion of the signal timing chart (Fig. 27). Therefore, a 
circuit configuration thereof corresponding to that of Fig. 
23 is shown in Fig. 29, and a timing chart of a signal 
thereof corresponding to that of Fig. 27 is shown in Fig. 
45 28. 

[0131] The circuit configuration of Fig. 29 is one in 
which the electric discharging transistor 2316 and the 
pre-discharge signal line 231 7 are removed from the cir- 
cuit configuration of Fig. 23. 

50 [0132] Next, the timing chart of a signal in Fig. 29 is 
shown in Fig. 28. Because the operation is repetitious, 
the case in which the ith line gate signal line is selected 
will be taken as an example and observed. First, after 
the ith line gate signal line 2102 is selected, the electric 

55 potential of a bias signal line 2910 and that of a trans- 
ferring transistor 29 13 are raised to thereby perform pre- 
discharge. Then the electric potential of the bias signal 
line 2910 is returned to its original value, whereby the 
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signal of each of the rows from the ith line pixels is out- 
putted to a load capacitance 291 5 of every row. The sig- 
nal of each of the rows is sequentially outputted to a final 
output line 2920 after the signals of all the ith line pixels 
have accumulated in the load capacitance 291 5 of every s 
row. 

[0133] Note that in Embodiment 2, the bias electric 
potential Vb changes during pre-discharge. Therefore, 
a signal generating device for changing the bias electric 
potential Vb may be connected to the bias signal line 
2910. 

Embodiment 3 

[0134] A method of manufacturing a sensor portion 
using TFT on the glass of this invention is explained us- 
ing Figs. 30 to 33. 

[0135] First, as shown in Fig. 30A, a base film 201 is 
formed to a thickness of 300 nm on a glass substrate 
200. A silicon oxinitride film is laminated as the base film 
201 in Embodiment 3. At this point, it is appropriate to 
set the nitrogen concentration to between 10 and 25 
wt% in the film contacting the glass substrate 200. In 
addition, it is effective that the base film 201 has a ther- 
mal radiation effect, and a DLC (diamond-like carbon) 
film may also be provided. 

[0136] Next, an amorphous silicon film (not shown in 
the figure) is formed with a thickness of 50 nm on the 
base film 201 by a known deposition method. Note that 
it is not necessary to limit to the amorphous silicon film, 
and a semiconductor film containing an amorphous 
structure (including a microcrystalline semiconductor 
film)may be used. In addition, a compound semiconduc- 
tor film containing an amorphous structure, such as an 
amorphous silicon germanium film, may also be used. 
Further, the film thickness may be made from 20 to 1 00 
nm. 

[01 37] The amorphous silicon film is then crystallized 
by a known technique, forming a crystalline silicon film 
(also referred to as a polycrystalline silicon film or a poly- 
silicon film) 202. There are thermal crystallization using 
an electric furnace, laser annealing crystallization using 
a laser light, and lamp annealing crystallization using an 
infrared light as known crystallization methods. Crystal- 
lization is performed in Embodiment 3 using an excimer 
laser light, which uses XeCI gas. 
[0138] Note that pulse emission excimer laser tight 
formed into a linear shape is used in Embodiment 3, but 
a rectangular shape may also be used. Continuous 
emission type argon laser light and continuous emission 
type excimer laser light can also be used. 
[01 39] In this embodiment, although the crystalline sil- 
icon film is used as the active layer of the TFT, it is also 
possible to use an amorphous silicon film as the active 
layer. 

[01 40] Note that it is effective to form the active layer 
of the transistor for reset, in which there is a necessity 
to reduce the off current, by the amorphous silicon film, 



and to form the active layer of the transistor for amplifi- 
cation by the crystalline silicon film. Electric current 
flows with difficulty in the amorphous silicon film be- 
cause the carrier mobility is low, and the off current does 
not easily flow. In other words, the most can be made of 
the advantages of both the amorphous silicon film, 
through which current does not flow easily, and the crys- 
talline silicon film, through which current easily flows. 
[0141] Next, as shown in Fig. 30B, a protective film 
203 is formed on the crystalline silicon film 202 with a 
silicon oxide film having a thickness of 130 nm. This 
thickness may be chosen within the range of 1 00 to 200 
nm (preferably between 130 and 1 70 nm). Furthermore, 
another films such as insulating films containing silicon 
may also be used. The protective film 203 is formed so 
that the crystalline silicon film is not directly exposed to 
plasma during addition of an impurity, and so that it is 
possible to have delicate concentration control of the im- 
purity. 

[0142] Resist masks 204a, 204b, and 204c are then 
formed on the protective film 203, and an impurity ele- 
ment, which imparts n-type conductivity (hereafter re- 
ferred to as an n-type impurity element), is added 
through the protective film 203. Note that elements re- 
siding in periodic table group 15 are generally used as 
the n-type impurity element, and typically phosphorous 
or arsenic can be used. Note that a plasma doping meth- 
od is used, in which phosphine (PH 3 ) is plasma-excited 
without separation of mass, and phosphorous is added 
at a concentration of 1 x1 0 18 atoms/cm 3 in Embodiment 
3. An ion implantation method, in which separation of 
mass is performed, may also be used, of course. 
[01 43] The dose amount is regulated such that the n- 
type impurity element is contained in n-type impurity re- 
gions (b) 205a, 205b thus formed by this process, at a 
concentration of 2 x 1 0 16 to 5 x 1 0 19 atoms/cm 3 (typically 
between 5 x 10 17 and 5 x 10 18 atoms/cm 3 ). 
[0144] Next, as shown in Fig. 30C, the protective film 
203 and the resist masks 204a, 204b, and 204c are re- 
moved, and an activation of the added n-type impurity 
elements is performed. A known technique of activation 
may be used as the means of activation, but activation 
is done in Embodiment 3 by irradiation of excimer laser 
light (laser annealing). Of course, a pulse emission ex- 
cimer laser and a continuous emission excimer laser 
may both, be used, and it is not necessary to place any 
limits on the use of excimer laser light. The goal is the 
activation of the added impurity element, and it is pref- 
erable that irradiation is performed at an energy level at 
which the crystalline silicon film does not melt. Note that 
the laser irradiation may also be performed with the pro- 
tective film 203 in place. 

[0145] The activation of impurity elements by heat 
treatment (furnace annealing) may also be performed 
along with activation of the impurity element by laser 
light. When activation is performed by heat treatment, 
considering the heat resistance of the substrate, it is 
good to perform heat treatment at about 450 to 550°C. 
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[0146] A boundary portion (connecting portion) with 
end portions of the n-type impurity regions (b) 205a, 
205b t namely regions, in which the n-type impurity ele- 
ment is not added, on the periphery of the n-type impu- 
rity regions (b) 205a, 205b, is delineated by this process. 5 
This means that, at the point when the TFTs are later 
completed, extremely good connecting portion can be 
formed between LDD regions and channel forming re- 
gions. 

[0147] Unnecessary portions of the crystalline silicon 
film are removed next, as shown in Fig. 30D, and island- 
shape semiconductor films (hereinafter referred to as 
active layers) 206 to 21 0 are formed. 
[0148] Then, as shown in Fig. 31 A, a gate insulating 
film 21 1 is formed, covering the active layers 206 to 21 0. 
An insulating film containing silicon and with a thickness 
of 10 to 200 nm, preferably between 50 and 150 nm, 
may be used as the gate insulating film 211. A single 
layer structure or a lamination structure may be used. A 
110 nm thick silicon oxinitride film is used in Embodi- 
ment 3. 

[0149] Thereafter, a conductive film having a thick- 
ness of 200 to 400 nm is formed and patterned to form 
gate electrodes 212 to 216. In Embodiment 3, the gate 
electrodes and wirings (hereinafter referred to as gate 
wirings) electrically connected to the gate electrodes for 
providing conductive paths are formed of the same ma- 
terials. Of course, the gate electrode and the gate wiring 
may be formed of different materials from each other. 
More specifically, the gate wirings are made of a mate- 
rial having a lower resistivity than the gate electrodes. 
This is because a material enabling fine processing is 
used for the gate electrodes, while the gate wirings are 
formed of a material that can provide a smaller wiring 
resistance but is not suitable for fine processing. The 
wiring resistance of the gate wiring can be made ex- 
tremely small by using this type of structure, and there- 
fore a sensor portion having a large surface area can 
be formed. Namely, the above described pixel structure 
is extremely effective when an area sensor with a sensor 
portion having a screen size of a 10 inch diagonal or 
larger (in addition, a 30 inch or larger diagonal) is real- 
ized. 

[01 50] Although the gate electrode can be made of a 
single -layered conductive film, it is preferable to form a 
lamination film with two layers or three layers, if neces- 
sary. Any known conductive films can be used for the 
gate electrodes 21 2 to 21 6. 

[01 51 ] Typically, it is possible to use a film made of an 
element selected from the group consisting of aluminum 
(Al), tantalum (Ta), titanium (Ti), molybdenum (Mo), 
tungsten (W), chromium (Cr), and silicon (Si), a film of 
nitride of the above element (typically a tantalum nitride 
film, tungsten nitride film, or titanium nitride film), an al- 
loy film of combination of the above elements (typically 
Mo-W alloy or Mo-Ta alloy), or a silicide film of the above 
element (typically a tungsten silicide film or titanium sil- 
icide film). Of course, the films may be used as a single 



layer or a laminate layer. 

[0152] In Embodiment 3, a laminate film of a tungsten 
nitride (WN) film having a thickness of 30 nm and a tung- 
sten (W) film having a thickness of 370 nm is used. This 
may be formed by sputtering. When an inert gas such 
as Xe or Ne is added as a sputtering gas, film peeling 
due to stress can be prevented. 
[0153] The gate electrodes 213 and 216 are respec- 
tively formed at this time so as to overlap a portion of 
the n-type impurity regions (b) 205a and 205b through 
the gate insulating film 21 1 . This overlapping portion lat- 
er becomes an LDD region overlapping the gate elec- 
trode. 

[0154] Next, an n-type impurity element (phospho- 
rous is used in Embodiment 3) is added in a self-aligning 
manner with the gate electrodes 212 to 216 as masks, 
as shown in Fig. 31 B. The addition is regulated such 
that phosphorous is added to n-type impurity regions (c) 
21 7 to 224 thus formed at a concentration of 1/1 0 to 1/2 
that of the n-type impurity regions (b) 205a and 205b 
(typically between 1/4 and 1/3). Specifically, a concen- 
tration of 1 x 10 16 to 5 x 10 18 atoms/cm 3 (typically 3 x 
10 17 to 3 x 10 18 atoms/cm 3 ) is preferable. 
[0155] Resist masks 225a to 225c are formed next, 
with a shape covering the gate electrodes 212, 214 and 
215, as shown in Fig. 31 C, and an n-type impurity ele- 
ment (phosphorous is used in Embodiment 3) is added, 
forming impurity regions (a) 226 to 233 containing phos- 
phorous at high concentration. Ion doping using phos- 
phine (PH 3 ) is also performed here, and the phospho- 
rous concentration of these regions is regulated so as 
to be set to from 1 x 1 0 20 to 1 x 1 0 21 atoms/cm 3 (typically 
between 2 x 10 20 and 5 x 10 21 atoms/cm 3 ). 
[0156] A source region or a drain region of then-chan- 
nel TFT is formed by this process, and in the n-channel 
TFT, a portion of the n-type impurity regions (c) 21 7, 21 8, 
222, and 223 formed by the process of Fig. 31 B is re- 
mained. These remaining regions correspond to LDD 
regions. 

[0157] Next, as shown in Fig. 31 D, the resist masks 
225a to 225c are removed, and new resist masks 234a 
and 234b are formed. A p-type impurity element (boron 
is used in Embodiment 3) is then added, forming p-type 
impurity regions 235 and 236 containing boron at high 
concentration. Boron is added here at a concentration 
of 3 x 1 0 20 to 3 x 1 0 21 atoms/cm 3 (typically between 5 
x 10 20 and 1 x 10 21 atoms/cm 3 ) by ion doping using di- 
borane (B 2 H 6 ). 

[0158] Note that phosphorous has already been add- 
ed to the impurity regions 235 and 236 at a concentra- 
tion of 1 x 1 0 20 to 1 x 1 0 21 atoms/cm 3 , but boron is added 
here at a concentration of at least 3 times or more that 
of the phosphorous. Therefore, the n-type impurity re- 
gions already formed completely invert to p-type, and 
function as p-type impurity regions. 
[0159] Next, after removing the resist masks 234a 
and 234b, the n-type or p-type impurity elements added 
to the active layer at respective concentrations are ac- 
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tivated. Furnace annealing, laser annealing or lamp an- 
nealing can be used as a means of activation. In Em- 
bodiment 3, heat treatment is performed for 4 hours at 
550°C in a nitrogen atmosphere in an electric furnace. 
[0160] At this time, it is important to eliminate oxygen s 
from the surrounding atmosphere as much as possible. 
This is because an exposed surface of the gate elec- 
trode is oxidized, which results in an increased resist- 
ance if only a small amount of oxygen exists. Accord- 
ingly, the oxygen concentration in the surrounding at- 
mosphere for the activation process is set at 1 ppm or 
less, preferably at 0.1 ppm or less. 
[0161] A first intertayer insulating film 237 is formed 
next, as shown in Fig. 32A. A single layer insulating film 
containing silicon is used as the first interiayer insulating 
film 237, or a lamination film may be used. Further, a 
film thickness of between 400 nm and 1 .5 urn may be 
used. A lamination structure of a silicon oxide film having 
a thickness of 800 nm on a silicon oxinitride film having 
a thickness of 200 nm thick is used in Embodiment 3. 
[0162] In addition, heat treatment is performed for 1 
to 1 2 hours at 300 to 450°C in an atmosphere containing 
between 3 and 1 00% hydrogen, performing hydrogen- 
ation. This process is one of hydrogen termination of 
dangling bonds in the semiconductor film by hydrogen, 
which is thermally excited. Plasma hydrogenation (us- 
ing hydrogen excited by plasma) may also be performed 
as another means of hydrogenation. 
[0163] Note that the hydrogenation processing may 
also be inserted during the formation of the first interiay- 
er insulating film 237. Namely, hydrogen processing 
may be performed as above after forming the 200 nm 
thick silicon oxinitride film, and then the remaining 800 
nm thick silicon oxide film may be formed. 
[0164] Next, a contact hole is formed in the gate insu- 
lating film 211 and the first interiayer insulating film 237, 
and source wirings 238 to 242 and drain wirings 243 to 
247 are formed. In this embodiment, this electrode is 
made of a laminate film of three-layer structure in which 
a titanium film having a thickness of 100 nm, an alumi- 
num film containing titanium and having a thickness of 
300 nm, and a titanium film having a thickness of 150 
nm are continuously formed by sputtering. Of course, 
other conductive films may be used. 
[01 65] A first passivation film 248 is formed next with 
a thickness of 50 to 500 nm (typically between 200 and 
300 nm). A 300 nm thick silicon oxinitride film is used as 
the first passivation film 248 in Embodiment 3. This may 
also be substituted by a silicon nitride film. Note that it 
is effective to perform plasma processing using a gas 
containing hydrogen such as H 2 or NH 3 before the for- 
mation of the silicon oxinitride film. Hydrogen activated 
by this preprocess is supplied to the first interiayer insu- 
lating film 237, and the film quality of the first passivation 
film 248 is improved by performing heat treatment. At 
the same time, the hydrogen added to the first interiayer 
insulating film 237 diffuses to the lower side, and the 
active layers can be hydrogenated effectively. 



[0166] Next, a second interiayer insulating film 249 
made of organic resin is formed as shown in Fig. 32B. 
As the organic resin, it is possible to use polyimide, 
polyamide, acryl, BCB (benzocyclobutene) or the like. * 
Especially, since the second interiayer insulating film 
249 is primarily used for leveling, acryl excellent in lev- 
eling properties is preferable. In this embodiment, an 
acrylic film is formed to a thickness sufficient to level a 
stepped portion formed by TFTs. It is appropriate that 
the thickness is made 1 to 5 um (more preferably, 2 to 
4u,m). 

[0167] Next, a contact hole is formed in the second 
intertayer insulating film 249 and the first passivation film 
248 so as to reach the drain wiring 245, and a cathode 
electrode 250 of a photodiode is formed so as to contact 
the drain wiring 245. In embodiment 3, an aluminum film 
formed by sputtering is used as the cathode electrode 
250, but other metals, for example titanium, tantalum, 
tungsten, and copper can also be used. Further, a lam- 
ination film made from titanium, aluminum, and titanium 
may also be used. 

[0168] Patterning is next performed after depositing 
an amorphous silicon film containing hydrogen over the 
entire surface of the substrate, and a photoelectric con- 
version layer 251 is formed. Then, a transparent con- 
ductive film is formed on the entire surface of the sub- 
strate. A 200 nm thick ITO film is deposited by sputtering 
as the transparent conductive film in Embodiments. The 
transparent conductive film is patterned, forming an an- 
ode electrode 252. (Fig. 32C.) 

[0169] A third interiayer insulating film 253 is then 
formed, as shown in Fig. 33A. A level surface can be 
obtained by using a resin such as polyimide, polyamide, 
polyimide amide, or acrylic as the third interiayer insu- 
lating film 253. A polyimide film having a thickness of 
0.7 u/n is formed over the entire surface of the substrate 
as the third interiayer insulating film 253 in Embodiment 
3. 

[0170] A contact hole is next formed in the third inter- 
iayer insulating film 253 so as to reach the anode elec- 
trode 252, and a sensor wiring 254 is formed. A 300 nm 
thick aluminum alloy film (an aluminum film comprising 
titanium of 1 wt%) is formed in Embodiment 3. 
[0171] The sensor substrate is formed which has the 
structure as shown in Fig. 33B. 
[0172] Reference numeral 270 shows an amplifier 
TFT, 271 shows a switching TFT, 272 shows reset TFT, 
273 shows a bias TFT, and 274 shows discharge TFT. 
[0173] In embodiment 3, the amplifier TFT 270 and 
the bias TFT 273 are an n-channel TFT, and both of 
source region side and drain region side have LDD re- 
gions 281 to 284. Note that the LDD regions 281 to 284 
do not overlap with the gate electrodes 212 and 215 
through the gate insulating film 211 . The above consti- 
tution of the amplifier TFT 270 and the bias TFT 273 can 
reduce the hot carrier injection as much as possible. 
[0174] Further in Embodiment 3, the switching TFT 
271 and the discharge TFT 274 is a n-channel TFT, each 
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TFTs has LDD regions 283 and 286 on only the drain 
region side. The LDD region 283 and 286 are over- 
lapped to the gate electrode 213 and 216 interposing 
the gate insulating film 211. 

[0175] The formation of the LDD regions 283 and 286 
on only the drain region side is in consideration of re- 
ducing the hot carrier injection and not causing the op- 
erating speed to drop. Further, it is not necessary to be 
too concerned with the value of the off current for the 
switching TFT 271 and the discharge TFT 274, and 
more importance may be placed on the operating 
speed. It is therefore preferable for the LDD regions 283 
and 286 to completely overlap with the gate electrodes 
213 and 216, and to reduce resistive components as 
much as possible. Namely, the so-called offset should 
be eliminated. In particular, when the source signal line 
driver circuit or the gate signal line driving circuit is driv- 
en at 1 5V to 20V, the above constitution of the discharge 
TFT 274 of Embodiment 3 is effective to reduce the hot 
carrier injection and also not to drop the operation 
speed. 

[0176] Furthermore, in Embodiment 3, a reset TFT 
272 is p-channel TFT and has no LDD region. Degra- 
dation due to hot carrier injection is almost of no concern 
for the p-channel TFTs, and therefore LDD regions do 
not have to be formed in particular. It is also possible, 
of course, to form an LDD region similar to that of an n- 
channel TFT to take action against hot carriers. Further, 
the reset TFT 272 may be an n channel type TFT. 
[0177] The device is completed as a manufactured 
product by attaching a connector (flexible printed circuit, 
FPC) for connecting terminals pulled around from the 
elements or circuits formed on the substrate with exter- 
nal signal terminals. 

[0178] The sensor is formed by using a TFT on the 
glass or the photodiode in this embodiment, the transis- 
tor on the single crystalline silicon substrate can also be 
used. 

Embodiment 4 

[0179] The sensor manufactured by implementing the 
present invention can be used for various kinds of elec- 
tronic equipments. The following can be given as such 
electronic equipment according to the present invention: 
a scanner; a digital still camera; an x-ray camera; a port- 
able information terminal (a mobile computer, a portable 
telephone, and a portable game machine); a notebook 
type personal computer; a game apparatus; a video tel- 
ephone, etc. 

[0180] Fig. 34A is a scanner, and contains a reading 
region 3402, a sensor portion 3401 , a reading operation 
start switch 3404 and the like. The present invention can 
be used as the sensor portion 3401 . 
[0181] Fig. 34B is a digital still camera, and contains 
a finder 3405, a sensor portion 3404, a shutter button 
3406 and the like. The present invention can be used 
as the sensor portion 3404. 



[0182] Fig. 35 is an x-ray camera, and contains an x- 
ray generator 3501 , a sensor portion 3503, a computer 
3054 for signal processing and the like. An object 3502 
to be examined stands between the x-ray generator 
5 3501 and the sensor portion 3503, and the x-ray photo- 
graph is taken. The present invention can be used as 
the sensor portion 3503. 

[0183] Fig. 36 is a personal computer, and contains a 
main body 3601 , a casing 3602, a display 3603, a key- 
10 board 3604, a sensor portion 3605 and the like. The 
present invention can be used as the display 3603 and 
the sensor portion 3605. 

[01 84] Here, Fig. 37 shows a portable telephone, and 
contains a main body 3701, a sound output portion 
'5 3702, a sound input portion 3703, a display 3704, oper- 
ation switches 3705, an antenna 3706 and a sensor por- 
tion 3707. The present invention can be used as the sen- 
sor portion 3707. 

[0185] The present invention enables enlarging of the 
20 amplitude of the output while preventing the writing-in 
time of the output electric potential of the source follower 
circuit from becoming long. Further, at the same time, 
the present invention can widen the operating region in 
which the input/output relationship of the source follower 
25 circuit is linear. Consequently, an area sensor having a 
high image quality is realized. 
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Claims 

1 . A semiconductor device comprising: 

an amplifying transistor; 

a biasing transistor; 

an amplifying side power source line; 

a biasing side power source line; 

a bias signal line; 

an electric discharging transistor; and 
an electric discharging power source line, 
wherein a drain terminal of the amplifying tran- 
sistor is connected to the amplifying side power 
source line, a source terminal of the biasing 
transistor is connected to the biasing side pow- 
er source line, a source terminal of the ampli- 
fying transistor is connected to a drain terminal 
of the biasing transistor, a gate terminal of the 
biasing transistor is connected to the bias sig- 
nal line, a gate terminal of the amplifying tran- 
sistor serves as an input terminal, and a source 
terminal of the amplifying transistor serves as 
an output terminal, and 
wherein one of the output terminal and the elec- 
tric discharging power source line is connected 
to a source terminal of the electric discharging 
transistor while the other thereof is connected 
to a drain terminal of the electric discharging 
transistor. 
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2. A device according to claim 1 further comprising a 
load capacitance wherein one terminal of the load 
capacitance is connected to the output terminal, 
and the other terminal of the load capacitance is 
connected to a load capacitance power source line. 

3. A device according to claim 1 , wherein the electric 
discharging power source line is connected to the 
biasing side power source line. 

4. A device according to claim 1 further comprising at 
least one selecting switch for controlling an electric 
current flowing to the output terminal from the am- 
plifying side power source line or from the biasing 
side power source line. 

5. A device according to claim 1 wherein an absolute 
value of a voltage between a gate and a source of 
the biasing transistor is equivalent to a minimum 
value of an absolute value of a voltage between a 
gate and a source that is necessary for making the 
biasing transistor into a conductive state. 

6. A device according to claim 1 , wherein a photoelec- 
tric conversion element is connected to the input 
terminal. 

7. A device according to claim 1 , wherein a signal gen- 
erated by a photoelectric conversion element is fed 
to the input terminal. 

8. A device according to claim 1 , wherein when the 
semiconductor device has a plurality of biasing tran- 
sistors, an absolute value of a voltage between a 
gate and a source of the plurality of biasing transis- 
tors is equivalent to a minimum value of an absolute 
value of a voltage between a gate and a source that 
is necessary for making the entire plurality of bias- 
ing transistors into a conductive state. 

9. A device according to claim 1 , wherein the amplify- 
ing transistor, the biasing transistor, and the electric 
discharging transistor are transistors having the 
same polarity. 

10. A scanner, which uses the semiconductor device 
according to claim 1 . 

11. A digital still camera, which uses the semiconductor 
device according to claim 1 . 

12. An X-ray camera, which uses the semiconductor 
device according to claim 1 . 

13. A portable information terminal, which uses the 
semiconductor device according to claim 1 . 

14. A computer, which uses the semiconductor device 



according to claim 1 . 

15. A device according to claim 2, wherein at least 2 
lines from among the electric discharging power 

5 source line, the load capacitance power source line, 
and the biasing side power source line are connect- 
ed together. 

16. A device according to claim 2, wherein the load ca- 
10 pacitance power source line is connected to the am- 
plifying side power source line. 

17. A device according to claim 2 further comprising at 
least one selecting switch for controlling an electric 

15 current flowing to the load capacitance or the output 
terminal from the amplifying side power source line 
or from the biasing side power source line. 

1 8. A device according to claim 1 7, wherein the select- 
20 ing switch has at least one of an N channel transis- 
tor or a P channel transistor. 

19. A device according to claim 6, wherein the photoe- 
lectric conversion element is either an X-ray sensor 

25 or an infrared sensor. 

20. A device according to claim 6, wherein the photoe- 
lectric conversion element is any one of a photo di- 
ode, a Schottky diode, an avalanche diode, or a 

30 photo conductor. 

21. A device according to claim 20, wherein the photo 
diode is one of a type incorporating a PN type, a 
PIN type, or an NPN embedded type. 

35 

22. A device according to claims 6 further comprising a 
resetting transistor, and a source terminal or a drain 
terminal of the resetting transistor is connected to 
the photoelectric conversion element. 

40 

23. A semiconductor device comprising: 

an amplifying transistor; 
a biasing transistor; 
45 an amplifying side power source line; 

a biasing side power source line; 
a signal generating device; and 
a bias signal line, 

wherein a drain terminal of the amplifying tran- 
so sistor is connected to the amplifying side power 

source line, a source terminal of the biasing 
transistor is connected to the biasing side pow- 
er source line, a source terminal of the ampli- 
fying transistor is connected to a drain terminal 
55 of the biasing transistor, a gate terminal of the 

biasing transistor is connected to the bias sig- 
nal line, a gate terminal of the amplifying tran- 
sistor serves as an input terminal, and a source 
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terminal of the amplifying transistor serves as 
an output terminal, and 

wherein the signal generating device is con- 
nected to the bias signal line for performing the 
operation of making the electric potential of the 
biasing side power source line close to the elec- 
tric potential of the amplifying side power 
source line. 

24. A device according to claim 23 further comprising a 
load capacitance wherein one terminal of the load 
capacitance is connected to the output terminal, 
and the other terminal of the load capacitance is 
connected to a load capacitance power source line. 

25. A device according to claim 23 further comprising 
at least one selecting switch for controlling an elec- 
tric current flowing to the output terminal from the 
amplifying side power source line or from the bias- 
ing side power source line. 

26. A device according to claim 23 wherein an absolute 
value of a voltage between a gate and a source of 
the biasing transistor is equivalent to a minimum 
value of an absolute value of a voltage between a 
gate and a source that is necessary for making the 
biasing transistor into a conductive state. 

27. A device according to claim 23, wherein a photoe- 
lectric conversion element is connected to the input 
terminal. 

28. A device according to claim 23, wherein a signal 
generated by a photoelectric conversion element is 
fed to the input terminal. 

29. A device according to claim 23, wherein when the 
semiconductor device has a plurality of biasing tran- 
sistors, an absolute value of a voltage between a 
gate and a source of the plurality of biasing transis- 
tors is equivalent to a minimum value of an absolute 
value of a voltage between a gate and a source that 
is necessary for making the entire plurality of bias- 
ing transistors into a conductive state. 

30. A scanner, which uses the semiconductor device 
according to claim 23. 

31 . A digital still camera, which uses the semiconductor 
device according to claim 23. 

32. An X-ray camera, which uses the semiconductor 
device according to claim 23. 

33. A portable information terminal, which uses the 
semiconductor device according to claim 23. 

34. A computer, which uses the semiconductor device 



according to claim 23. 

35. A driving method of a semiconductor device having 
an amplifying transistor, a biasing transistor, an am- 

5 plifying side power source line, a biasing side power 
source line, and a bias signal line, 

wherein a drain terminal of the amplifying tran- 
sistor is connected to the amplifying side power 
10 source line, a source terminal of the biasing 

transistor is connected to the biasing side pow- 
er source line, a source terminal of the ampli- 
fying transistor is connected to a drain terminal 
of the biasing transistor, 
15 wherein a gate terminal of the biasing transistor 

is connected to the bias signal line, a gate ter- 
minal of the amplifying transistor serves as an 
input terminal, and a source terminal of the am- 
plifying transistor serves as an output terminal, 
20 and 

wherein the driving method outputs a signal af- 
ter performing a p re-discharge. 

36. A method according to claim 35 further comprising 
25 a load capacitance wherein one terminal of the load 

capacitance is connected to the output terminal, 
and the other terminal of the load capacitance is 
connected to a load capacitance power source line. 

30 37. A method according to claim 35, wherein the sem- 
iconductor device has at least one selecting switch 
for controlling an electric current flowing to the out- 
put terminal from the amplifying side power source 
line or from the biasing side power source line. 

35 

38. A method according to claim 35, wherein an abso- 
lute value of a voltage between a gate and a source 
of the biasing transistor is equivalent to a minimum 
value of an absolute value of a voltage between a 

40 gate and a source that is necessary for making the 
biasing transistor into a conductive state. 

39. A method according to claim 35 further comprising 
a photoelectric conversion element connected to 

45 the input terminal. 

40. A method according to claim 35, wherein a signal 
generated by a photoelectric conversion element is 
fed to the input terminal. 

50 

41 . A method according to claim 35, wherein when the 
semiconductor device has a plurality of biasing tran- 
sistors, an absolute value of a voltage between a 
gate and a source of the plurality of biasing transis- 

55 tor is equivalent to a minimum value of an absolute 
value of a voltage between a gate and a source that 
is necessary for making the entire plurality of bias- 
ing transistors into a conductive state. 
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42. A method according to claim 36, wherein at least 2 
lines from among the electric discharging power 
source line, the load capacitance power source line, 
and the biasing side power source line are to be 
connected together. 

43. A method according to claim 36, wherein the load 
capacitance power source line is connected to the 
amplifying side power source line. 

44. A method according claims 36, wherein the semi- 
conductor device has at least one selecting switch 
for controlling an electric current flowing to the load 
capacitance or the output terminal from the ampli- 
fying side power source line or from the biasing side 
power source line. 

45. A method according to claim 44, wherein the select- 
ing switch has at least one of an N channel transis- 
tor or a P channel transistor. 

46. A method according to claim 39, wherein the pho- 
toelectric conversion element is either an X-ray sen- 
sor or an infrared sensor. 

47. A method according to claim 39, wherein the pho- 
toelectric conversion element is any one of a photo 
diode, a Schottky diode, an avalanche diode, or a 
photo conductor. 

48. A method according to claim 47, wherein the photo 
diode is any one of a type incorporating a PN type, 
a PIN type, or an NPN embedded type. 

49. A method according to claim 39, wherein the sem- 
iconductor device has a resetting transistor, and the 
resetting transistor resets the photoelectric conver- 
sion element. 

50. A driving method of a semiconductor device having 
an amplifying transistor, a biasing transistor, an am- 
plifying side power source line, a biasing side power 
source line, and a bias signal line, 

wherein a drain terminal of the amplifying tran- 
sistor is connected to the amplifying side power 
source line, a source terminal of the biasing 
transistor is connected to the biasing side pow- 
er source line, a source terminal of the ampli- 
fying transistor is connected to a drain terminal 
of the biasing transistor, a gate terminal of the 
biasing transistor is connected to the bias sig- 
nal line, a gate terminal of the amplifying tran- 
sistor serves as an input terminal, and a source 
terminal of the amplifying transistor serves as 
an output terminal, and 

wherein the driving method outputs a signal af- 
ter performing a pre-discharge by making an 



electric potential of the biasing side power 
source line close to an electric potential of the 
amplifying side power source line. 

5 51 . A method according to claim 50 further comprising 
a load capacitance wherein one terminal of the load 
capacitance is connected to the output terminal, 
and the other terminal of the load capacitance is 
connected to a load capacitance power source line. 

10 

52. A method according to claim 50, wherein the sem- 
iconductor device has at least one selecting switch 
for controlling an electric current flowing to the out- 
put terminal from the amplifying side power source 

is line or from the biasing side power source line. 

53. A method according to claim 50, wherein an abso- 
lute value of a voltage between a gate and a source 
of the biasing transistor is equivalent to a minimum 

20 value of an absolute value of a voltage between a 
gate and a source that is necessary for making the 
biasing transistor into a conductive state. 

54. A method according to claim 50 further comprising 
25 a photoelectric conversion element connected to 

the input terminal. 

55. A method according to claim 50, wherein a signal 
generated by a photoelectric conversion element is 

30 fed to the input terminal. 

56. A method according to claim 50, wherein when the 
semiconductor device has a plurality of biasing tran- 
sistors, an absolute value of a voltage between a 

35 gate and a source of the plurality of biasing transis- 
tor is equivalent to a minimum value of an absolute 
value of a voltage between a gate and a source that 
is necessary for making the entire plurality of bias- 
ing transistors into a conductive state. 

40 

57. A driving method of a semiconductor device having 
an amplifying transistor, a biasing transistor, an am- 
plifying side power source line, a biasing side power 
source line, and a bias signal line, an electric dis- 

45 charging transistor, and an electric discharging 
power source line, 

wherein a drain terminal of the amplifying tran- 
sistor is connected to the amplifying side power 

so source line, a source terminal of the biasing 

transistor is connected to the biasing side pow- 
er source line, a source terminal of the ampli- 
fying transistor is connected to a drain terminal 
of the biasing transistor, a gate terminal of the 

55 biasing transistor is connected to the bias sig- 

nal line, a gate terminal of the amplifying tran- 
sistor serves as an input terminal, a source ter- 
minal of the amplifying transistor serves as an 



23 



45 



EP 1 154 310 A2 



46 



output terminal, one of the output terminal and 
the electric discharging power source line is 
connected to a source terminal of the electric 
discharging transistor while the other thereof is 
connected to a drain terminal of the electric dis- 
charging transistor, and 
wherein the driving method outputs a signal af- 
ter performing a pre-discharge by making the 
electric discharging transistor into a conductive 
state. 

58. A method according to claim 57, wherein a value of 
an electric potential of the electric discharging pow- 
er source line takes a value that is between an elec- 
tric potential of the bias signal line and an electric 
potential of the biasing side power source line. 

59. A method according to claim 57 further comprising 
a load capacitance wherein one terminal of the load 
capacitance is connected to the output terminal, 
and the other terminal of the load capacitance is 
connected to a load capacitance power source line. 

60. A method according to claim 57, wherein the elec- 
tric discharging power source line and the biasing 
side power source line are to be connected togeth- 
er. 

61 . A method according to claim 57, wherein the sem- 
iconductor device has at least one selecting switch 
for controlling an electric current flowing to the out- 
put terminal from the amplifying side power source 
line or from the biasing side power source line. 

62. A method according to claim 57, wherein an abso- 
lute value of a voltage between a gate and a source 
of the biasing transistor is equivalent to a minimum 
value of an absolute value of a voltage between a 
gate and a source that is necessary for making the 
biasing transistor into a conductive state. 

63. A method according to claim 57 further comprising 
a photoelectric conversion element connected to 
the input terminal. 

64. A method according to claim 57, wherein a signal 
generated by a photoelectric conversion element is 
fed to the input terminal. 

65. A method according to claim 57, wherein when the 
semiconductor device has a plurality of biasing tran- 
sistors, an absolute value of a voltage between a 
gate and a source of the plurality of biasing transis- 
tor is equivalent to a minimum value of an absolute 
value of a voltage between a gate and a source that 
is necessary for making the entire plurality of bias- 
ing transistors into a conductive state. 



66. A method according to claims 57, wherein the am- 
plifying transistor, the biasing transistor, and the 
electric discharging transistor are transistors having 
the same polarity. 
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